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TRANSACTIONS 


OF  THE 


MANCHESTER    GEOLOGICAL    SOCIETY/; 


Pakt  I.  Vol.  XIX.  Session  1886-7. 


The  Annual  Meeting  of  the  Members  waa  held 
on  Tuesday,  October  5th,  1886,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

The  President,  H.  M.  Ormerod,  Esq.,  F.G.S., 

In  the  Chair. 


The  President  called  upon  the  Hon.  Secretary,  Mr.  Mark 
Stirrup,  to  read  the  report  of  the  Council : — 

REPORT    OF    THE    COUNCIL 
For  Session  1885-86. 

The  Council,  in  presenting  their  report  for  the  past  year, 
are  glad  to  be  able  to  record  a  Session  of  good  average  work 
and  prosperity. 

Both  objects  of  the  Society's  operations,  the  one  relating 
to  the  Coal-Mining  industry,  as  well  as  that  of  pure 
Geology,  have  been  fully  represented  in  the  subjects  brought 
before  the  meetings. 

The  papers  read  have  shown  great  care  in  their  prepar- 
ation and  have  induced  valuable  discussion. 


•  •. 


•   •      • 

The  papers  bo'  "Accidents  in  Mines  and  their  Prevention/' 

the  discvaajbils  on  the  namerons  improvements  in  Safety- 

Lamp&^*4^  «well  as  the  feasibility  of  the  Electric  Lighting  of 

MineS;/.a'nd  the  possible  perfection  of  a  Miner's  Electric 

lapipl'all  bear  witness  to  the  attention  that  is  now  being 

pai^'  to   the  welfare   of  the   mining  population   both  by 
•    •    • 

•*  *«dlployers  and  managers. 

\ '  The  experiment  of  Evening  meetings  of  a  social  character 
at  the  Owens  College  Museum  has  been  continued  with  fairly 
gratifying  results ;  nevertheless,  the  Council  would  be 
pleased  to  find  that  a  larger  number  of  the  members  availed 
themselves  of  the  occasion  of  becoming  acquainted  with  the 
valuable  collections  therein  stored. — The  members  are  again 
reminded  of  the  privilege  they  have  of  free  access  to  the 
Geological  Museum  on  all  days  of  the  week  except  Monday, 
and  that  the  public  have  the  right  of  free  admission  on 
Tuesdays,  Thursdays,  and  Saturdays. 

On  the  28th  of  August,  a  successful  and  interesting 
excursion  was  made  to  the  district  of  Saddle  worth,  which 
afforded  an  opportunity  to  the  members  of  examining  some 
of  the  Lower  Coal  Measures,  and  the  Millstone  Grit  Rocks 
of  that  locality. 

The  inspection  of  the  reservoirs  belonging  to  the  Corpor- 
ation of  Oldham  in  the  Piethorn  and  Denshaw  valleys  was 
also  included  in  the  programme,  which  was  fully  carried  out 
under  the  able  guidance  and  leadership  of  one  of  our  mem- 
bers, Mr.  William  Watts,  F.G.S.,  the  resident  manager  of 
the  waterworks. 

By  the  appointment  of  J.  S.  Martin,  Esq.,  to  the  post  of 
H.M.  Inspector  of  Mines  for  South  Wales,  the  Society  loses 
one  of  its  most  important  officers,  and  while  the  Council 
rejoice  at  his  well  earned  advancement,  they  cannot  but 
regret  the  consequent  loss  to   the  Society  of  his  valuable 


flerrioes,  which  have  been  so  ungrudgingly  given  and  often  at 
great  personal  inoonvenience  during  a  period  of  ten  years. 

The  financial  position  of  the  Society  still  continues  sound 
and  satisfactory  as  will  be  seen  from  an  examination  of  the 
Treasurer's  Balance  Sheet ;  all  claims  upon  the  Society's 
income,  so  far  as  known,  having  been  met.    . 

The  Treasurer  has,  under  the  direction  of  the  Council, 
purchased  one  hundred  pounds  stock  in  the  Lancashire  and 
Yorkshire  Consolidated  four  per  cent  Preference  Stock  at 
a  cost  of  £113  7s.  6d.,  thus  bringing  our  investments  up  to 
£900  stock.  The  total  receipts  for  the  Sessional  year  1885-6 
from  all  sources  were  £221  5s.,  and  the  disbursements  on 
the  general  account  to  £202  188.  4d.  which  latter  include 
some  exceptional  items,  such  as  that  of  a  new  bookcase, 
the  binding  of  volumes  of  transactions,  &c. 

The  Library  has  continued  to  receive,  during  the  year, 
a  number  of  valuable  additions,  both  as  presentations  and 
exchanges,  among  the  most  important  of  which  may  be 
considered  the  Survey  Reports  of  the  United  States  and  of 
Canada,  the  former  of  which  are  generally  bountifully 
illustrated  and  most  liberally  distributed.  Several  purchases 
of  valuable  Books  of  Reference  have  also  been  made,  among 
which  may  be  named : — 

Dr.  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines. 

4  vols, 
^^^^quakes  of  Ischia,  by  H.  J.  Johnston-Lavis. 
l%ysical  Geology  and  Palaeontology,  by  Professor  Seeley, 

F.R.S. 
Stratigraphical   Geology   and  Palaeontology,    by  Robert 

Etheridge,  F.R.S. 
Accidents  in  Mines,  by  A.  R.  Sawyer. 

In  cons^uence  of  several  applications  from  private 
persons  aw^Societics  for  some  of  the  early  **  Parts  *'  and 


oom^lete  sets  of  the  ''  Transactions/'  either  for  purchase  or 
exchange,  it  was  decided  in  December  last  to  bind  up  as  far 
as  possible  some  20  sets  each  of  the  earlier  volumes.  Not- 
withstanding the  reprinting  two  years  ago  of  seyeral  of  the 
Parts  which  were  out  of  print,  it  was  found  on  the  examin- 
ation of  the  stock  that  some  others  were  exhausted.  It  was 
not  thought  advisable,  however,  to  recommend  any  further 
large  expenditure  on  reprinting,  and  the  volumes  have, 
therefore,  been  made  up  as  complete  as  the  circumstances 
allowed. 

The  following  volumes  are  in  differing  degrees  imperfect, 
viz..  Vols.  2,  3,  5,  and  6.  Altogether  173  volumes  of  Tran- 
sactions have  been  bound,  and  the  present  occasion  suggests 
itself  as  a  favourable  one  to  any  member  wishing  to  complete 
his  series  of  the  Transactions,  as  it  is  probable  that  the  early 
volumes  will  soon  become  scarce. 

In  the  last  Annual  Report  attention  was  drawn  to  the 
incomplete  state  of  the  Library  Catalogue,  owing  to  the 
continual  additions  to  the  Library  having  been  omitted  to  be 
entered  into  the  interleaved  copy.  A  manuscript  catalogue 
has  been  prepared,  after  much  tedious  labour,  but  it  will  be 
necessary,  before  a  new  one  is  printed,  that  stock  be  taken 
of  the  books,  and  compared  with  the  manuscript ;  for  this 
purpose  some  expenditure  will  be  required. 

It  is  desirable  also  that  early  steps  be  taken  to  bind  up  a 
large  number  of  serial  works,  such  as  Journals  and  Tran- 
sactions of  Corresponding  Societies,  so  as  to  place  the 
Library  in  good  condition  for  the  use  and  easy  reference  of 
the  members. 

During  the  ensuing  Session  it  is  proposed  to  hold,  as 
usual,  two  meetings  in  Wigan,  and  the  Council  consider  it 
incumbent  upon  the  local  members  to  render  these  meetings 
as  valuable  as  those  held  in  Manchester,  by  providing  papers, 
and  by  taking  a  hearty  interest  in  the  discussions. 


The  Session  1886-6  has  closed  without  alteration  in  the 
number  of  members  upon  the  register. 

The  Society  has  lost  by  death  during  the  year  two  mem- 
bers, one  a  Life-Member  in  the  person  of  the  much- 
respected  Sir  Humphrey  de  Trafford,  Bart.,  who,  tiiough 
not  taking  any  active  part,  maintained  his  interest  in  the 
Society. 

Two  members  have  resigned,  and  the  names  of  five  have 
been  remoyed  from  the  list,  in  consequence  of  default  in  the 
.payment  of  their  subscriptions. 

Eight  new  ordinary  members  and  one  Honorary  Member, 
Professor  W.  C.  WiUiamson,  LL.D.,  F.R.S.,  have  been 
elected,  making  a  total  of  215,  consisting  of  17  Honorary, 
7  Life,  and  191  Ordinary  Members. 


Mr.  Stirrup  also  read  the  statement  of  the  Treasurer's 
Accounts : — 


GENERAL    STATEMENT. 


£  B.  d. 

To  Arrears  left  1885.     19  0  0 
,,  Members   as   by 

Account 201  0  0 

„  New  Members  . .       8  0  0 


£228    0    0 


£    8.  d. 


By  Subscriptions  received 

toSeptember,  1886  181  0  0 

,,  Members  struck  off.      4  0  0 

J,  Members  dead  or  dis- 
continued         15  0  0 

,,  Arrears  remaining..     28  0  0 


£228    0    0 


« 1 1  "i 


■■Sol  a 


■■■§  i,"  £ 


fill 


so 


I  ill 

npa>3    So:: 


It  was  moyed^  seconded  and  carried  unanimously  that  the 
report  of  the  Council  and  the  Treasurer's  statement  (the 
latter  subject  to  audit)  be  approved  and  entered  on  the 
minutes. 


THE  FOLLOWING  IS  A  LIST  OF  PAPERS  AND  COMMUNICATIONS 

WHICH  HAVB  BBBN  BROUGHT  BBPORB  THB 

MEETINGS  DURING  THE  SESSION  1886-6. 

1885. 
October.         Brongniart,  Chas.,  P.E.S.     **The  Fossil  Insects  of 

the  Primary  Group  of  Rocks." 
November.     Ormerod,   H.  M.,  F.G.8.     **  Footprints  in  Sandstone 

Flag." 
Greenwell,  G.  C,  F.G.8.     "  Geology  of  the  Island  of 

Jersey." 
Garforth,  W.  E.     **0n  Working  Coal  by  Long  Wall." 
December.      Stirrup,  Mark,  F.G.S.     **  Fossils  from  the  Palaeozoic 

Rocks  of  America  (Indiana)." 
Burrows,  J.  8.     **  Accidents  in  Mines  and  their  Pre- 
vention.    Part  2." 
Martin,  J.  8.,  F.G.S.     **  On  the  Effect  of  Atmospheric 
Changes  upon  the  Development  of  Fire  Damp." 

1886. 
January.         Leech,  A.  H.      **  Screening  Arrangements  at  Brinsop 

Hall  CoUieries." 
Wild,  George.     "  On  Sinking  with  a  Tail  Rope." 
Winstanley,    George.       **  On    a    Gauzeless    Safety 

Lamp." 
CUfford,  William.     "  Testing  a  New  Safety  Lamp." 
26.  Ward,  Thomas.    **  On  Rock  Salt."     (Given  at  Owens 
College.) 
February.     Wild,  George.     Section  through  Middle  Coal  Measures 

at  Bardsley  Colliery,  and  an  interesting  Discovery 
of  Calamites." 
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March.       Stirrup,   Mark,   F.O.S.    British  Association  Meeting, 

Aherdeen.    Delegate's  Beport. 
Clifford,  William.     '  *  Description  of  New  Safety  Lamp. " 
Connolly,  Thomas.     '^  The  Progress  of  Electric  Lighting 
in  Mines." 
April.         Williamson,  W.  C,  F.R.8.     "  Structure  of  Calamites." 
May.  Hall,   Henry.      "On  the    fracture    of   Safety    Lamp 

Glasses." 
Clarke,  C.  F.     "Notes  on  Brown's  Safety  Catch  for 
Wire  Hope  Guides." 
June.         Mercier,  M.     "On  a  New  Safety  Lamp." 

Dawkins,  W.  B.,  M.A.,  F.G.S.     "  On  the  Formation  of 
Agates." 


NEW  HONORARY  MEMBER. 


W.  C.  Williamson,  Prof.,  LL.D.,  F.R.S. 


NEW   ORDINARY   MEMBERS. 


Clifford,  Wm. 
Dugdale,   Crispin 
Knowles,  Rohert 
Mawson,  R.  B. 


Newton,  C.  E. 
Turton,  Jno.  Junr. 
Uttley,  J.  F. 
Wall  work,  John. 


MEMBERS  DECEASED. 


Green,  George 
Park,  James 


Sir  Humphrey  de  Trafford, 
Bart. 


MEMBERS  RESIGNED,   &c. 


Hewlett,  W.  H. 
Penman,  J.  H. 
Pennington,  A.  S. 


Percy,  C.  M. 
Still,  F.  M. 
Waddington,  H. 


Worthington,    H. 
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APPENDIX  TO  THE   REPORT. 


PRESENTATIONS  TO  THE  LIBRARY,    1885-86. 


Belfast  Natural  History  and  Philosophical  Society. — Report  and 

Proceedings  for  Session  1884-5.     From  the  Society, 
Bristol  Naturalists*  Society. — Proceedings,  Part  1,  Vol.  V.     From 

the  Society, 
Chester  Society  of  Natural  Science. — Proceedings,  No.  3,  and  15th 

Annual  Report.     From  the  Society. 
Chesterfield  and  Derbyshire  Institute  of  Engineers. — Transactions. 

Part  5,  Vol.  XII.;  Parts  3-6,  Vol.  XIV.;  Parts  1-2,  Vol. 

XV.     From  the  Inetitufe, 
Cornwall. — Transactions  of  the  Royal  Geological  Society  of.     Part 

8,  Vol.  X.     From  the  Society. 
Cornwall. — Royal  Institution  of.      Journal,  Part  4,   Vol.  VIII. 

From  the  Council. 
Cornwall. — Mining  Association  and  Institute  of  Cornwall.     Trans- 
actions.    Part  2,  Vol.  1.     From  the  Council. 
Dublin. — Royal  Dublin  Society. — 

Scientific   Proceedings.      Parts   7-9,    Vol.    IV. ;    Parts    1-2, 
Vol.  V. 

Scientific  Transactions,  Vol.  III.,  Series  2,  Nos.  7-10.     From 
the  Society. 

Royal  Geological  Society  of  Ireland.     Journal,  Part  3,  Vol. 
VI.,  N.8.,  1882-84;    Part  1,  Vol.  Vll.,  N.S.,  1884-85. 
From  the  Society, 
Edinburgh  Royal  Physical  Society. — Proceedings,' Session  1884-85. 

From  the  Society. 
(riasgow  Natural  History  Society. — Proceedings  and  Transactions. 

Part  2,  Vol.  I.,  1884-85.     Index  to  Proceedings,  Vols.  I.-V. 

From  the  Society. 
Hertfordshire  Natural  History  Society  and  Field  Club. — Transac- 
tions.    Parts  5-9,  Vol.  III.     From  the  Society. 
Leeds  Philosophical  and  Literary  Society — Annual  Report,  1885-6. 

From  the  Society.     . 
Leeds  Geological  Association. — Transactions.      Part   1,   1883-85. 

From  the  Aesoctation, 
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Leicester  Literary  and  Philosophical  Society. — Report  of  Council 

for  1885.     IVom  the  Society. 
Liverpool  Geological  Association. — Transactions.    Vol.  IV.,  Session 

1883-84 ;  Vol.  Y.,  1884-85.     From  the  A»ioeiatwn. 
Liverpool  Science  Students'  Asiitociation. — Proceedings,  1884-85. 

From  the  AuodaUon. 
London  Geological  Society. — Quarterly  Journal.     Nos.   165,   166, 

167,  Vol.  XLII.     From  the  Society. 
London  Geologists'  Association. — Proceedings.     Nos.  3-5,  Vol.  IX. 

From  the  Association. 
London  Geological  Magazine. — Nos.  257-267.     Purchased. 
London. — Institution     of    Mechanical     Engineers. — Proceedings. 

Nos.  4-5,   1885;    Nos.   1-2,   1886.     General  Index  to  Pro- 
ceedings, 1874-84.     f^om  the  Institution. 
London. — Iron  and  Steel  Institute. — Journal.      Vol.  II.,    1885  ; 

No.  1,  1886.     From  the  Institute. 
London. — PalsBontograpbical    Society. — Vol.     XXXIX.,     1885. 

Purchased. 
London. — Royal  Institution  of  Great  Britain. — Proceedings,  No. 

79,  Vol.  XI.,  Part  2.     From  the  Institution. 
London. — Royal     Society. — Proceedings.      Parts    239-241,    Vol. 

XXXIX.     Parts  242  to  246,  Vol.  XL.     FVom  the  Society. 
Manchester  Association  of  Employers,  Foremen,  and  Draughtsmen. 

Thirtieth  Annual   Report,    1886.     Three  Pamphlets.     From 

the  Association. 
Manchester  Literary  and  Philosophical   Society. — Memoirs,   Vol. 

VIII.     Third  series.     Proceedings,  Vols.  23-24.     From  the 

Society. 
Manchester  Field  Naturalists'  and  Archaeologists'  Society. — Report 

and  Proceedings,  1884  and  1885.     From  the  Society. 
Manchester  Microscopical  Society. — Annual  Report,  1885.     From 

the  Society. 
Midland  Institute  of    Engineers. — ^Transactions.      Parts    78-82, 

Vol.  X.     FVom  the  Council. 
Newcastle-upon-Tyne. — North   of    England  Institute  of  Mining 

and    Mechanical    Engineers. — Transactions.      Part    6,    Vol. 

XXXIV. ;  Parts  1-3,  Vol.  XXXV.     From  the  InstUuU. 
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Scotland. — ^Mining  Institute  of  Scotland. — Transactions.  Farts 
4-9,  Vol.  VII.,  and  Parts  1-4,  Vol.  VIII.  Keport  of  Mining 
Exhibition,  Glasgow,  1885.     I^am  the  Couneil, 

South  Wales  Institute  of  Engineers. — Proceedings.  Parts  4  and  6, 
Vol.  XIV.     Frotii  the  Institute, 

Warwickshire  Naturalists'  Field  Club. — Proceedings,  1885.    I^om 

the  Club. 
Yorkshire    Geological    and     Polytechnic     Society. — Proceedings. 

Part  1,  Vol.  IX.,  N.S.     From  the  Society. 

Alpine  Winter  in  its  Medical  Aspects.     By  A.  T.  Wise,  M.D. 

JFVvm  the  Author. 
Catalogue  of  Western  Scottish  Fossils.     Irom  the  Geological  Society 

of  OUtegow. 

Organization  of  the  Fossil  Plants  of  the  Coal  Measures.  Parts 
6-12.  By  Professor  W.  C.  Williamson,  LL.D.,  F.R.8.  From 
the  Author. 

Erratics  in  the  Boulder  Clay  of  Cheshire.  Pamphlet  by  Charles 
Ricketts,  M.D.,  F.G.S.     From  the  Author. 

On  Indented  Pebbles  in  the  Bunter  Sandstone.  Pamphlet  by 
Charles  Ricketts,  M.D.,  F.G.S.     From  the  Author. 

Quartzite  Boulders  in  a  Coal  Seam  in  Leicestershire.     Pamphlet 

by  W.  8.  Gresley,  F.G.S.     From  the  Author. 
On  Fossiliferous  HsBmatite  Nodules  in  Permian  Breccias,  Leicester- 
shire.    Pamphlet  by  W.  8.  Gresley,  F.G.S.     From  the  Author. 
Geology  of  Coasts  adjoining  Rhyl,  Abergele,  and  Colwyn.     By 

Aubrey  Strahan,  M.A.     (Geological  Survey  Memoir.)     From 

the  Author. 
Glaciation  of  South  Lancashire,  Cheshire,  and  Welsh  Border.     By 

Aubrey  Strahan,  M.A.     Pamphlet  from  Author. 
Physical  Geology  and  Palaeontology      By  Professor  Seeley,  F.R.8. 

Purchased. 
Stratigraphical  Geology  and  PalsBontology.     By  Robert  Etheridge, 

F.R.S.     Purchased. 
Dr.  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines.     4  Vols. 

Purchased. 
Earthquakes  of  Ischia.     By  H.  J.  John^ton-Lavis.     Purc/tased. 
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Accidents  in  Mines  in  the  North  Staffordshire  Coalfield.     By  A. 

B.  Sawyer.     Two  Copies.     One  presented  hy  the  Author  and 

one  purchased, 
Ninth,  Tenth,  and  Eleventh  Reports  of  Committee  on  Circulation 

of  Underground  Waters.     D^om  C,  JE,  de  Raneey  F.G.8. 
Accidents  in  Mines:   Final  Report,  1886.     Blue  Book  from  Her 

Majesty's  Commissioners, 
What  I  helieve.     By  Leon  Tolstoi.     Presented  by  the  Author. 

ASKUAL   RePOBTS,    F&OM    THE   CoMMITrESS. 

Camhridge  University. —  20th  Annual   Report  of  Museum   and 

Lecture  Rooms  Syndicate. 
Devon  and  Exeter  Albert  Memorial  Museum. — 16th  Annual  Report 

of  Committee.     1886. 
Dulwich  College  Science  Society. — 7th  Annual  Report.     1884-6. 
Dundee  Free  Library.     1885. 

Liverpool  Free  Library  and  Museum. — 33rd  Annual  Report.    1 886. 
Manchester. — Owens  College. — Calendar.     1886-7. 
Oxford  University  Museum. — Catalogue,  Radcliffe  Library.    1885. 
Salford  Museum,    Libraries  and  Parks. — 37th   Annual   Report > 

1884-5. 
Wigan  Free  Public  Library. — 8th  Annual  Report.     1886. 

Canada  mtd  U.S.  America. 

Canada. — Canadian  Institute,  Toronto.  —  Proceedings.     Nos.  3-4, 

Vol.  III.,  3rd  Series.     lYom  the  Institute, 
Canada. — Geological  Survey  of  Canada.     Contributions  to  Canadian 
Palaeontology.     Part  1. 
Report  on  Invertebrata  of  Laramie  and  Cretaceous  Rocks. 

By  J.  F.  Whiteaves,  F.G.S. 
Summary  Report  of  Geological  and  Natural  History  Survey 
of  Canada,  to  31st  December,  1885. 
From  A.  R.  C.  Sflwyn^  F.R.S.,  Director  of  the  Survey, 
U.S.A.,  Cambridge. — Harvard  College.— 25th  Annual  Report  of 
the  Curator  of  the  Museum  of  Comparative  Zoology.     From 
Alexander  Agassiz, 
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U.S.A.,  Harvard  College. — Balletin  of  the  Museum  of  Coinparati?e 

Zoology.     No8.  2'Sf  Vol.  XII.     ly-om  Alexander  Agasm. 
U.S.A.,   New  York.  —  American  Museum  of  Natural  History. 

Bulletin  No.  6;  Vol.  I.      Annual  Report  of  the  Trustees, 

1885-6.     From  the  Trustees. 
U.S.A.,  New  York.  —  American  Institute  of  Mining  Engineers. 

List  of  Members  and  Eules,  November,  1885.     Transactions, 

Vol.  XIV.     From  the  InetituU. 
U.S.A.,  Philadelphia. — Academy  of  Natural  Sciences.   Proceedings. 

Parts  2  and  3,  1885.     Part  1,  1886.     From  the  Academy. 
U.S.A.,  Philadelphia. — Journal  of  Franklin  Institute.     Nos.  719- 

720,  Vol.   CXX.      Nos.    721-729,   Vol.   CXXI.     From  the 

Institute. 
U.S.A.,  Washington. —  Smithsonian  Institution. — Annual  Report 

for  1883.      Annual  Report  for  1884.      From  the  Board  of 

Begents. 
U.S.A.,  Washington. — United  States  Geological  Survey. 

4th  Annual  Report,  1882-83.  by  J.  W.  Powell,  Director. 

5th  Do.  do.      1883-84. 

Monograph  :  Vol.  VIII.,  Palsontology  of  the  Eureka  District, 
by  C.  D.  Walcott. 

Monograph :  Vol.  IX.,  Brachiopoda  and  Lamellibranchiata  of 
the  Raritan  Clays,  &c.,  by  R.  P.  Whitfield. 

Bulletin.     Nos.  7-26. 

Mineral  Resources  of  United  States,  1883-4,  by  A.  Williams, 
Junr.     From  the  Director  of  the  Survey. 
U.S.A.,  Washington. — Annual  Report  of  the  Comptroller  of  the 

Currency,  December  1st,  1885.     From  the  Comptroller. 

Australia. 

Sydney. — Royal  Society  of  New  South  Wales.     Journal  and  Pro- 
ceedings.     1884.      President's  Address,    1886,   by   Prof. 
Liversidge.     From  the  Society. 
last  of  Members  of  Geological  Society  of  Australasia. 
Victoria. — Gold  Fields  of.     Reports  of  Mining  Registrars.     Sep- 
tember and    December,    1885;    March,    1886.       From    the 
Government, 
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Tictoria.— Annual  Repoi*t  of  Minos  and  Water  Supply  for  1886. 

Victoria. — Eeport  of  Trustees  of  the  Public  Library,  Museum,  &c.^ 
for  1884. 

Victoria. — Mineral  Statistics  of  1884.     From  the  Government. 

^  EOBEION. 

Berlin.  — Zeitschrift  der  Deutschen  G^ologischen  GFesellschaft.  Heft 
3-4,  Band  XXXVII.  Heft  1-2,  Band  XXXVIII.  I^-om  the 
Society. 

Brussels. — Soci6t6  Malacologique   de  Belgique.    Annales.      Vols. 

I. — IX.,   Vols.    XV. — XX.      Proc^s-Verbaux,    January    to 

December,  1885,  Vol.  XIV.,  January  to  July,  1886.     From 

the  Society, 
Buenos  Ayres. — Censo  Escolar  Nacional.    Vol.  I.     Two  copies. 

Censo  Escolar  Nacional,    1883-84.     Tome  XI.      Two  copies. 
From  the  Government. 
Christiania. — Royal   University  of   Norway:    Lakis   Kratere   og 

Lavastromme,  by  Amund  Holland.     From  the  University. 
Dresden. — Festschrift  der  N.  G.  Isis  in  Dresden,  May,  1885. 

Sitzungsberichte  der  Naturwissenschaftlichen  G^sellschaft  Isis 
in  Dresden.     January  to  June,  1886.     From  the  Society. 
Halle,  a/S. — Vereins  fur  Erdkunde.     Mittheilungen,  1885.     Fk'om 

the  Society. 
Lausanne :  Bulletin  de  la  Soci^te  Vaudoise  des  Sciences  Naturellea. 

No.  93,  Vol.  XXI.     From  the  Society. 
Leipzig — Sitzungsberichte  der  Naturforschenden  Qesellschaft  zu 

Leipzig,  1885.     From  the  Society. 
Leipzig. — Systematische  Ubersicht  der  fossilen  Myriopoden,  Arach- 

noideen  und  Insekten,  by  S.  H.  Soudder. 
Li6ge. — Notes  sur  les  Leves  Q^ologiquos.     Pamphlet,  by  E.  Van 

den  Broeck.     From  the  Author. 
Lille. — Soci6t6  Geologique  du  Nord.    Annales  XII.,  1884-5.   From 

the  Society. 
Paris. — Bevue  de  le  Legislation  des  Mines.    Monthly.    Purchased^ 

Les  Insectes  Fossiles  des  Terrains  Primaires.      Pamphlet. 
Preeented  by  the  AuthoTf  M.  Charlee  Bronyniari. 
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Pisa. — Atfci  della  Societd  Toscana  di  Scienze  Natmali.     Memorie. 

Fasc.  2,  Vol.  VI.,  Vol.  VII.,  Processi  Verbali,  June,  1885,  ta 

January,  1886,  May  2nd,  1886.     /V*om  the  Society, 
Roma. — Atti  della  Beale  Acoademia  dei  LinceL     Mjmorie.     VoIb. 

XVIII. — XIX.,  Series  3.     Vol.  II.,  Series  4.     Rendiconti. 

Fasc.  21-28,  Vol.  I.,  1885.     1-14,  Vol.  IL,  Fasc.  1-4,  Vol. 

II.     FVom  the  Academy. 
St.  Petersbourg. — Academic  Imp6riale  des    Sciences.      Bulletin. 

Parts  2-3,  Tome  XXX. ;  Part  1,  Tome  XXXI.     Memoires. 

Parte  14-18,  Tome  XXXII. ;  Tome  XXXIII.,  Parte  1-8  ; 

Tome  XXXIV.,  Parte  1-3.    From  the  Academy • 
St.    Petersbourg.  —  Institut    des    Mines.       Comity    GF6ologique- 
M6moires  : 

Vol.  I.,  No.  4.     Aper^u  06ologique  du  District  de  Lipetzk, 
par  J.  Mouschketoff. 

Vol.  II.,  No.  2.     Carte  G6ologique  (}6nerale  de  la  Bussie. 
Feuille  93.     Partie  Occidentale. 

Vol.  II.,  No.  3.     Les  Ammonites. 

Vol.  III.,  No.  1.     Die  Fauna  des  XJntem  Devon  am  West- 
Abhange  des  Urals. 

Bulletins:  Parts  5-10,  1885.     Nos.  1-6,  1886. 

Bibliotheque   Qeologique   de   la  Eussie.      1885.      From   the 
Minuter  of  Domains, 
Wien. — Annalen  des  K.   K.   Naturhistorischen    Hof   Museums. 

Nos.  1-2,  Band  I. 


BOOKS    PURCHASED,   J  885-6. 

Greological  Magazine. 

Physical  Geology  and  Palaeontology.     By  Professor  Seely. 

Stratigraphical  Geology  and  PalsBontology.     By  R.  Etheridge. 

Dr.  Ure's  Dictionary  of  Arte,  Manufactures,  and  Mines.  *4  vols. 

Earthquakes  of  Ischia.     By  K.  J.  Johnston-Lavis. 

Accidente  in  Mines  in  North  Steffordshire  Coal-Field.     By  A.  R. 

Sawyer. 
Palseoutographical  Society's  Monograph.     Vol.  XXXIX.     1885. 
Revue  de  la  Legislation  des  Mines.     Paris. 
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SOCIBTIES   WITH   WHOM   THE    SoCIETT    EXCHANGES    ITS    TbANSACTIONS, 

AiTD  IirsnTunovs  and  Joubnals  to  whok  a  Copt  is  sent  Fbsb. 

I. — England. 

LwuUm    British  Museum. 

Geological  Society. 

Geological  Survey. 

Geologists'  Association. 
*  Institute    of    Mechanical    Engineers,    Victoria 

Street,  S.W. 

Iron  and  Steel  Institute. 

Royal  Institution. 

Royal  Society. 

Soriiety  for  Psychical  Research. 

Manch$sier Association   of   Employers,   Foremen,    and 

Draughtsmen. 

Field  Naturalists'  Society. 

Free  Library. 

Literary  and  Philosophical  Society. 

Owens  College.- 

Salford  Royal  Museum  and  Library. 

Scientific  Students'  Association. 

BamBl&y Midland  Institute  of  Mining  Engineers. 

Btrmingham   . . .  .Free  Library  and  Museum. 

Bristol    Naturalists'  Society. 

Cambridge Geological  Museum,  University. 

University  Library. 

Chester    Society  of  Natural  Science. 

Chesterfield Institute  of  Mining  Engineers  (in  bound  vols.) 

Cornwall Royal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 

Dudley    South    Staffordshire    and    East  Worcestershire 

Institute  of  Mining  Engineers. 

Essex Essex  Field  Club,  Stanley  Road,  Woodford. 

Exeter     Albert  Memorial  Museum. 

Halifax Geological  and  Polytechnic  Society. 


17 

lA€d% Philosophical  and  Literary  Society. 

LetcMter Literary  and  Philosophical  Society. 

Liverpool     Free  Library  and  Museum. 

Geological  Association. 

Geological  Society. 
NewcMtle-on'Tyne.hisMiivitQ  of  Mining  and  Mechanical  Engineers. 

Norwich Geological  Society. 

Oxford    Bodleian  Library. 

Radcliffe  Library. 
North  Shields. . .  .Public  Free  Library. 

^Camb^'  I     •  •  ^^"^'"g  Association  and  Institute  of  ComwaU. 

Stoke-on- TVent    ..North   Staffordshire  Institute    of    Mining  and 

Mechanical  Engineers. 
Straneea South]|Wales  Institute  of  Mining  and  Mechanical 

Engineers. 

Warwick Natural  History  Society. 

Watford,  Herts  . .  Natural  History  Society  and  Field  Club. 

Wigan     Free  Library. 

Mining  School. 

II. — Scotland. 

Dundee    Free  Library  and  Museum. 

Edinburgh Advocates'  Library. 

Geological  Society. 

Royal  Society. 

Royal  Physical  Society. 
Glasgow Geological  Society. 

Natural  History  Society. 
HamiUan     Mining  Institute  of  Scotland. 

III. — Ibelavd. 

Dublin     Royal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 

Trinity  College  Library. 
Belfast    Natural  History  Society. 
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rV. — Australia. 

Melbourne   Public  Library  of  Victoria. 

Sydneif    Free  Public  Library. 

Royal  Society  of  New  South  Wales. 
NinaeasUe    John  Mackenzie,  F.G.S. 

V. — Cakada. 

Hamilton    Hamilton  Association. 

Montreal Geological  Survey  of  Canoda  (A.  R.  C.  Selwyn, 

F.G.S.,  Director.) 
M'Gill  CoUege  (Principal,  J.  W.  Dawson,  F.G.S.) 
Toronto   Canadian  Institute. 

VI. — UwiTBD  States. 

Boston f  U.S Free  Library. 

Columbui,  U.S.  .. Ohio,  Geological  Survey  of  (Professor  Edward 

Orton,  State  Geologist). 
Indiana,  U.8 Department  of    Geology  and   Natural  History 

(John  Collett,  State  Geologist). 
Indianapolis,  U'.S.'E.  T.  Cox,  State  Geologist. 
Netohaven,  U.S..  .Professor  0.  C.  Marsh,  F.G.S. 
Now  York,  U.S..  .American  Institute  of  Mining  Engineers  (R.  W. 

Raymond,  Box  223,  New  York  City). 
New  York American  Museum  of  Natural  History,  Central 

Park. 
Philadelphia,  271  i8>. Academy  of  Natural  Sciences. 

Franklin  Institution. 
Washington,  ^. ^..Department  of   the    Interior   U.S.    Geological 

Survey. 
Smithsonian  Institution. 
Wyoming,  U.S.  .  .Historical  and  Geological  Society. 

VII. — ^FoREiGK  Societies. 

Berlin Deutsche  Geologische  Gesellschalt. 

Brussels Soci^  Royale  Malacologique  de  Belgique. 

Buenos  Ayres, . .  .Officiana  Nacional  de  Commercie. 
Calcutta Geological  Survey  of  India. 
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Chruiianta Royal  University  of  Norway. 

Dreiden NaturwiBsenschaftliclie  OesseUschaft  Isis. 

BalUy  A.S Verein  fur  Erdkonde. 

Die  Eaiaerliche  Leopold.    Carol.    Deutsche  Aka- 
demie  der  Naturforscher. 

Zausanne  (Suiite), Sociite  Yaudoise  des  Sciences  NatureUes. 

ZilU    Soci6t6  (}6olog;ique  du  Nord. 

Pisa    Society  Toscana  di  Scienze  Naturali. 

Rio  de  Janeiro    . .  Museo  Nacional. 

Rome Beale  Accademia  dei  Lincei. 

8i, Petersburg, . .  .Acad6mie  Imp6riale  des  Sciences. 

Institut  des  Mines.     Gomit6  G^logique. 

TWrm Acad^mie  Royale. 

VIII. — Scientific  Journals,  &c. 

Geological  MagasUne^  Geological  Record,  Mining  Jowmaly  Colliery 
Guardian,  Iron  and  Coal  Trades  Review,  Revue  de  la  Legis- 
lation des  Mines,  Paris.  (M.  Delecroix,  7,  Place  du  Concert  a 
Lille.) 


The  President  said  the  next  business  was  to  elect  the 
officers  for  the  ensuing  year.  The  Council  had  gone  through 
the  list  of  attendances,  and  they  had  now  to  present  a  list 
of  gentlemen  whom  they  recommended  for  election. 

The  list  was  then  read  oyer,  and  no  objection  being  raised,, 
nor  other  names  proposed,  it  was  moved,  seconded,  and 
carried  unanimously  that  the  following  gentlemen  be  elected 
officers  of  the  Society  for  the  Session  1886-7 : — 
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President: 

Pbofbmok  W.  BOYD  DAWKIN8,  M.A.,  P.R.S.,  F.G.S.,  P.S.A. 

Vice-Presidents: 

R   T.  BURNETT,  F.G.S. 
HENRY  HALL,  H.M.I.M. 
WM.  WATTS,  P.G.8. 
GEORGE  WILD. 


JAMES  HEYWOOD,  F.R.8. 
G.  W.  ORMEROD,  F.G.S. 
JOSEPH  DICKINSON,  F.G.S. 


Ex'Ofpcio    Vice-Presiden  ts : 

ANDREW  KNOWLES. 

G.  0.  GREENWELL,  F.G.S. 

JOHN  KNOWLES,  M.InBt.O.E. 


R.  CLIFFORD  SMITH,  F.G.S. 

Right  Hon.  Thb  EAKL  OF  CRAWFORD  &  BALCARRES. 

Sib  U.  K.  SHUTTLEWORTH,  Bart. 

GEORGE  GILROY,  M.Iii8t.C.E. 

EDWARD  PILKINGTON,  J.P. 

H.  M.  ORMEROD,  F.G.S. 

Hon.  Treasurer: 

HENRY  MERE  ORMEROD,  F.G.S. 


Hon.  Secretaries: 


MARK  STIRRUP,  F.G.S. 


I     JOHN  S.  BURROWS. 


Other  Members  of  the  Council: 


W.  S.  BARRETT. 

CHARLES  HARDWICK. 

G.  H.  HOLLINGWORTH,F.G.S. 

C.  G.  JACKSON. 

<5LBGG  LIVESEY. 

R.  B.  MAWaON. 


GEORGE  PEACE. 
JAMES  RADCLIFFE. 
JAMES  TONGE,  F.G.S. 
J.  TURTON,  JuN.,  H.M.I.M. 
ROBERT  WINSTANLBY. 
H.  A.  WOODWARD. 


Hon-  Auditors: 

ALFRED  PILKINGTON.  |     JAMES  ATHERTON. 
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REPORT  OF   THE  SOCIETY'S  DELEGATE  TO  THE 

MEETING   OF  THE  BRITISH   ASSOCIATION 

AT   BIRMINGHAM,    1886. 


The  Hon.  Secretary  (Mr.  Mark  Stirrup),  who  repre- 
sented the  Society  at  BirmiDgham,  reported  that  two 
Oonferences  of  the  Delegates  were  held  on  the  2nd  and  7th 
September,  both  meetings  being  well  attended,  about  20  to 
25  delegates  being  present.  At  the  first  meeting,  presided 
over  by  Professor  A.  W.  Williamson,  F.II.S.,  the  report  to 
the  Council  of  the  Corresponding  Societies'  Committee, 
stating  the  work  done  at  Aberdeen,  was  presented.  (For 
particulars  of  Aberdeen  meeting,  see  Delegate's  Report, 
page  466,  Part  17,  Vol.  18.)  Mr.  Stirrup  read  from  thi& 
report  the  following  paragraphs,  which  have  reference  to 
the  co-operation  of  local  societies  in  the  various  scientific 
investigations  carried  on  by  the  British  Association,  and 
also  the  duties  of  the  Delegates,  who  are  the  recognized 
means  of  communication  between  the  committees  of  the 
British  Association  and  their  corresponding  societies. 

"  That  each  Delegate  should  do  his  best  to  interest  the  members  of 
hits  Society,  and,  if  thought  desirable,  the  Society  itself,  in  the  subject 
of  investigation,  and  should  send  to  his  correspondent  the  names  and 
addresses  of  such  persons  in  his  neighbourhood  as  might  be  likely  to 
render  willing  and  effectual  help.** 

"  The  Committee  have  now  to  point  out  that,  although  39  Societies 
were  appointed  as  Corresponding  Societies,  only  23  of  them  nominated 
delegates.  Of  the  23  delegates  only  11  were  present  at  the  final 
meeting  to  hear  the  explanations  of  the  gentlemen  who  attended  for 
the  purpose  of  making  them,  and  of  placing  themselves  in  personal 
eommunication  with  the  several  delegates.  The  Committee  feel  sure 
that  the  delegates  who  failed  to  attend  the  Conference  had  not  realised 
the  character  of  the  engagement  into  which  they  had  entered,  and 
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that  they  must  have  ertoiiflocuily  regarded  their  title  and  priyilegee  as 
purely  hononzy,  and  their  duties  as  sinecures.  The  Corresponding 
Soeiflties'  Oommittee  desire  it  to  be  clearly  understood  that  such  is  not 
the  case,  as  the  work  entrusted  to  the  delegates  is  real  and  important. 
The  position  of  each  delegate  is  that  of  a  person  of  scientific  influence 
in  his  own  neighbourhood,  who,  by  the  acceptance  of  his  title  and  its 
privileges,  pledges  himself  to  act  as  a  friendly  intermediary  between 
those  committees  of  the  British  Association  who  are  occupied  with 
local  investigations  and  the  local  scientific  men  who  are  known  to 
him.  It  is  his  duty  to  make  himself  well  informed  of  the  nature  of 
the  proposed  enquiries  sanctioned  by  the  British  Association,  as 
personally  explained  by  the  representatives  of  the  respective  com- 
mittees, and  to  qualify  himself  as  far  as  possible  for  the  honourable 
post  of  local  correspondent.  It  is  in  return  for  the  prospect  of  this 
very  valuable  assistance  that  the  grant  is  made  to  each  delegate  of 
being  a  member  of  the  General  Committee,  and  the  privilege  accorded 
to  the  Society  which  he  represents  of  publication  in  the  reports  of  the 
British  Association  of  a  catalogue  of  its  local  investigations.  Here- 
after the  Corresponding  Societies*  Committee  will  take  into  considera- 
tion the  advisability  of  not  recommending  for  re-election  those 
Societies  whose  delegates  fail  to  attend  the  meeting  of,  the  Conference 
without  adequate  explanation.** 

After  the  reading  of  the  Report  the  Chairman  invited  the 
Delegates  to  offer  suggestions  or  make  proposals  as  to  the 
kind  of  scientific  work  that  could  be  taken  up  by  local 
societies.  The  Chairman  suggested  the  subject  of  insects 
noxious  to  vegetation  as  one  well  worthy  of  attention. 

Another  suggestion  was,  the  systematic  investigation  into 
the  early  evidences  of  man  in  Great  Britain. 

A  discussion  arose  as  to  the  relationship  of  Delegates  to 
the  various  sectional  committees  of  the  British  Association, 
and  it  was  resolved  that  each  Delegate  should  be  proposed 
■on  to  the  committee  of  that  section  with  which  he  preferred 
to  be  identified. 

The  second  Meeting  was  held  under  the  presidency  of 
Professor  W.  B.  Dawkins,  F.R.S.,  when  suggestions  were 
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again  offered  as  to  subjects  of  inyestigation  which  could  be 
assisted  by  local  scientific  societies. 

Mr.  C.  E.  BE  Range,  F.O.S.,  deputed  bj  Section  C 
reported  how  help  could  be  given  to  the  inquiries  undertaken 
by  the  committees  with  which  he  was  connected  with  regard 
to  Underground  Water  and  Sea  Coast  Erosion,  and  Dr. 
H.  W.  Gkosskey  followed,  as  representing  the  Erratic 
Block  Committee,  and  gave  some  details  as  to  the  infor- 
mation sought  by  his  committee,  viz.,  the  pofition  of 
boulders,  whether  lying  in  drift  or  exposed  on  the  surface, 
height  above  sea,  lithological  characters,  and  probable 
origin. 

Professor  Hillhouse,  representing  Section  D,  suggested 
the  appointment  of  a  committee  to  gather  information  with' 
regard  to  Local  Pablic  Museums,  their  contents  and  mode  of 
management,  so  as  to  devise  some  scheme  to  render  them 
more  efficient  and  useful. 

Professor  Hillhouse  also  recommended  the  subject  of 
the  preservation  of  local  plants,  as  a  subject  worthy  of  the 
attention  of  local  societies  of  naturalists. 

Section  H  was  represented  by  Dr.  Garson,  who  offered 
suggestions  as  to  the  manner  in  which  local  societies  could 
give  assistance  in  exploration  and  researches  for  the  evidences 
of  Pre-historic  man.  Reference  was  made  to  the  dangerous 
state  of  Stonehenge,  and  the  necessity  for  some  legislation 
with  regard  to  ancient  monuments. 

The  foregoing  is  a  brief  report  of  the  principal  matters 
brought  before  the  two  Conferences,  and  your  delegate 
submits  them  to  the  consideration  of  the  Society,  and  should 
any  members  in  their  individual  capacity  desire  to  aid  any  of 
the  investigations  referred  to,  or  to  initiate  new  ones,  he  will 
be  glad  to  further  them  by  any  information  as  to  form  of 
procedure  or  give  any  help  in  his  power. 
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NEW  MEMBERS. 


The  following  gentlemen,  whose  names  had  been  pre- 
yiously  submitted  to  the  members,  were  duly  balloted  for 
and  unanimouslj  elected : — Honorary  member,  Mr.  Joseph 
8.  Martin,  H.M.  Inspector  of  Mines,  Swansea;  Ordinary 
members.  Sir  Humphrey  F.  De  TrafEord,  Bart.,  Trafford 
Park ;  Mr.  Guy  Wood,  71 ,  King  Street,  Manchester ;  and 
Mr.  Henry  Bramall,  Pendleton  Colliery,  Manchester. 


VOTES  OF  THANKS. 

A  cordial  vote  of  thanks  was  given  to  H.  M.  Ormerod, 
Esq.,  the  retiring  President,  for  the  able  way  in  which  he 
had  conducted  the  affairs  of  the  Society  during  the  past  year. 
The  same  pompliment  was  paid  to  the  Hon.  Secretaries, 
which  concluded  the  business  of  the  Annual  Meeting. 
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PAST  PRESIDENTS  OF  THE  SOCIETY. 


Tear  of  Election. 


1838-9^0 

1841-2-3,  49-50-1 

1843-4-5,  55-6-7 

1845-6-7 

1847-8-9 

1851-2-3 

1853-4-5 

1857-8-9,  65-6-7 

1859-60-1 

1861-2-3,  77-8 

1863-4-5 

1867-8-9,  84-5 

1869-70-1,  82-3 

1871-2-3 

1873-4 

1874-5,  6-7 

1875-6 

1878-9 

1879-80 

1880-1 

1881-2 

1883-4 

1885-6 


Egerton,  The  Bt.  Hon.  Francis,  M.P. 

Heywood,  James,  F.R.S.,  F.G.8. 

Egerton,  Sir  Philip  de  Malpas  Grey-,  Bart,  M.P. 

Mosley,  Sir  Oswald,  Bart. 

Thicknesse,  Balph,  M.P.,  Wigan. 

Black,  James,  M.D.,  F.G.S. 

Ormerod,  G.  W.,  M.  A.,  F.G.S. 

Binney.  E.  W.,  F.R.S.,  F.G.S. 

Kay-Shuttleworth,  Sir  J.  P.,  Bart,  M.P. 

Dickinson,  Joseph,  F.G.S. 

Knowles,  Andrew. 

Greenwell,  G.  C,  F.G.S. 

Aitken,  John,  F.G.S. 

Enowles,  John,  M.Inst.C.E. 

Knowles,  Thomas,  M.P. 

Dawkine,  Professor  W.  Boyd,  F.R.S.,  F.G.S. 

Smith,  R.  Clifford,  F.G.S 

Forhes,  John  Edwaid,  F.G.S 

Lindsay,  Lord,  F.R.S. 

Kay-Shuttleworth,  Sir  Ughtred  J.,  Bart. 

Gilroy,  George,  M.Inst.C.E. 

Pilkington,  Edward,  J.P. 

Ormerod,  Henry  Mere,  F.G.S. 
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LIST    OF    MEMBERS, 


OCTOBBB,    1886. 


The  Names  of  Honorary  Members  are  printed  in  ItaUet. 
*  Members  who  have  compounded  for  the  Annual  Subscription. 


of 
Blection. 


1877 
1874 
1884 
1884 
1879 
1877 
1878 
1877 
1878 
1878 

1881 

1866 
1885 
1875 

1880 

1877 
1885 
1881 

1867 
1880 
1878 


Adamson,  Daniel,  F.G.S.,  The  Towers,  Didsbury. 
Agassiz,  Alexander,  Cambridge,  Massachusetts,  U.S.A. 
Ainsworth,  John,  Colliery  Offices,  Walkden,  Bolton. 
Aldred,  James,  "Withins  Lane  Colliery,  Kadcliffe. 
Arrandale,  John  Thomas,  Bradford  Colliery,  Manchester. 
Arthur,  David,  Rishton  Colliery,  Blackburn. 
Ash  worth.  Thomas,  28,  Deansgate,  Manchester. 
Atherton,  James,  16,  Acresfield,  Bolton.     Hon,  Auditor, 
Atkinson,  Samuel  C,  Stand  Lane  Colliery,  RadclifPe. 
Atkinson,  W.  N.,  H.M.  Inspector  of  Mines,  Shincliffe  Hall, 

Durham. 
Aubrey,  Richard  Charles,  Standish,  near  Wigan. 

* 

Bamford,  J.  B.,  Mining  Engineer,  Rochdale. 

Barker,  Israel,  319,  Whit  Lane,  Pendleton. 

Barrett,  W.  S.,  New  Hall,  41,  Old  Hall  Street,  Liverpool. 
Member  of  Council, 

Barton,  Richard,  jun.,  Westleigh  Lodge,  Leigh,  near  Man- 
chester. 

Beswick,  James,  Shakerley  Collieries,  Tyldesley. 

Bickerton,  Charles  W.,  Hazel  Grove,  near  Stockport. 

Black,  W.  G.,  F.R.C.S.Ed.,  F.G.S.Ed.,  2,  George's  Square, 
Edinburgh. 

Bolton,  H.  H.,  Newchurch,  near  Manchester. 

Bolton,  H.  H.,  jun.,  Baxenden,  Accrington. 

Bradford,  The  Right  Hon.  the  Earl  of,  Weston  Park,  near 
Shifnal. 
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of 
neotion. 


1886 
1878 
1877 
1877 
1861 
1880 

1859 
1881 
1882 

1879 

1875 
1878 


1882 
1884 
1881 
1882 
1886 
1882 
1878 
1859 

1878 
1883 
1879 

1862 
1882 

1869 


Bramall,  Henry,  Pendlebury  Colliery,  Manchester. 

Brocklehurst,  Thomas,  Dean,  Bolton. 

Broeeh,  Ernest  Van  dm,  124,  Rue  Terra  Neuve,  Brussels. 

Brongniarty  Charles^  F.E.S.,  8,  Rue  Guy-de-la -Brosse,  Fans. 

Brooks,  Thomas,  Crawshaw  Hall,  Rawtenstall. 

Brown,  Wm.  Speakman,  Summerby,  106,  Eccles  Old  Road, 
Eccles. 

Bryham,  William,  J.P.,  Ince  Hall,  Wigan. 

Bryham,  William,  jun.,  Douglas  Bank  Colliery,  Wigan. 

Burnett,  R.  T.,  F.G.S.,  Cresswell  Grove,  Albert  Park, 
Didsbury.     Vice-President, 

Bums,  Thomas,  Plank  Lane  Colliery,  Westleigh,  Leigh, 
near  Manchester. 

Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 

Burrows,  John  S.,  Yew  Tree  House,  Atherton,  near  Man- 
chester.    Hon,  Secretary, 

Caldwell,  George,  Moss  Hall  Collieries,  Wigan. 

Campbell,  Henry,  Surveyor,  St.  Helens. 

Clark,  Christopher  F.,  Park  Lane  Collieries,  Wigan. 

Clark,  George,  Mining  Engineer,  Newton-le-Willows. 

Clifford,  William,  Norton  Woodseats,  Sheffield. 

Cockson,  Charles,  King  Street,  Wigan. 

Cooke,  Charles,  Twycross,  Atherstone,  Leicestershire. 

♦Coulthart,  John  Ross,  F.R.S.,  Lit.,  F.S.A.,  Scot.,  Greenlaw 

Park,  Castle  Douglas,  Kirkcudbrightshire,  N.B. 
Cowbum,  Henry,  West  Leigh,  near  Manchester. 
Crankshaw,  Joseph,  Montcliffe  Colliery,  Horwich. 
Crawford  and  Balcarres,    The  Right  Hon.   the   Earl  of, 

Haigh  Hall,  Wigan.     Past- President, 
Cross,  John,  77,  King  Street,  Manchester. 
Cunliffe,  James,  Duxbury  Park  Colliery,  Chorley. 

Dawkins,  Professor  W.  Boyd,  M.A.,  F.R.8.,  F.G.S.,. 
F.S.A.,  The  Owens  College,  Manchester.     President, 
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Yeu-of 
Blection. 


1877 

1862 
1882 
1856 

1879 
1885 
1880 


De  Ranee^  C,  £!,,  F.G.S.,  Geological  Survey,  Jermyn  Street, 

London,  S.W. 
♦Derby,  The  Bight  Hon.  the  Earl  of,  Bjiowsley,  Liverpool. 
Devonport,  John,  Chamber  Collieries,  Oldham. 
Dickinson,  Joseph,  P.G.S.,  H.M.  Inspector  of  Mines,  South 

Bank,  Pendleton.     Past- President. 
Drinnan,  Eichard,  Outwood  Colliery,  near  Manchester. 
Dugdale,  Crispin,  5,  North  Boad,  Cloughfold,  Bossendale. 
Duncan,  William,  M.D.,  Prospect  House,  Tyldesley. 


1877  Edmondson,  Thomas,  Cliviger  Collieries,  near  Burnley. 
1852  Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Old  Hall,  near 

Manchester. 

1884  Elce,  George,  Altham  Colliery,  Whalley  Boad,  Accrington. 

1878  Ellesmere,  The  Bight  Hon.  the  Earl  of,  Worsley. 
1838  EmhleUm,  T.  W,  The  Cedars  Methley,  Leeds. 

1838  Enniskillen,  The  Right  Hon.  the  Earl  of,  F.B.S.,  Florence 

Court,  Fermanagh. 

1865  Evans,  Walter,  Longsight,  Oldham. 

1880  Pairclough,  William,  Leigh,  near  Manchester. 

1863  Parrar,  James,  12,  Market  Street,  Bury. 

1873  Fletcher,  Herbert,  The  Hollins,  Bolton. 

1875  Fletcher,  Balph,  jun.,  Atherton  Collieries,  near  Manchester. 

1868  Fletcher,  Thomas,  Haulgh,  Bolton. 


1873 
1884 
1874 

1856 

1882 


GFarforth,  W.  E.,  Colliery  Offices,  Normanton. 

Garside,  Sampson,  Denton  and  Houghton  Collieries,  Denton. 

Oeikiey     Archibald,   LL.D.,    F.B.S.,    Geological    Survey, 

Jermyn  Street,  London,  S.W. 
Gilroy,  George,  M.Inst.C.E.,  Woodlands,  Parbold,  Wigan, 

Past' President. 
Glover,  B.  B.,  Haydock,  near  St.  Helens. 
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of 
MIection. 


1878 

1882 
1882 
1863 
1874 
1879 

1879 
1883 
1880 

1877 
1879 


1883 
1881 

1877 
1861 
1864 

1880 
1874 

1877 
1882 
1878 

1876 
1883 
18S0 
1838 

1862 


Greener,  W.  J.,  Pemborton  Colliery,  Wigan. 
Greenhalgh,  Robert,  Engineer,  Atherton,  near  Manchester. 
Gre8ley,W.,  Stukeley,r.G.S.,  Overseal,  Ashby-de-la-Zouch. 
Greenwell,  G.  C,  F.G.S.,  Duffield,  Derby.   Past-Prestdrnt. 
Greenwell,  G.  C,  jun.,  F.G.S.,  Poynton,  near  Stockport. 
Greenwood,  John,  jnnr.,  Ashton  Moss  Colliery,  Audenshaw, 

Manchester. 
Gregson,  Edward,  11,  Chapel  street,  Preston. 
Greensmith,  T.,  Moston  Colliery,  Fails  worth,  Manchester. 
Grimke,   Theodore  Drayton,   Golbome  Hall,   Newton-le- 

Willows. 
Grundy,  H.  T.,  Colliery  Surveyor,  Radcliffe. 
Ouihal,    Thecphile,    Professeur  d'Exploitation   des   Mines, 

Mons,  Belgium. 

Hall,  Jonathan,  Clifton  Hall  Colliery,  Clifton,  Manchester. 
Hall,  Henry,  H.M.  Inspector  of  Mines,  Rainhill,  Prescot. 

Vice-President, 
Handslcy,  Robert,  Burnley  Colliery  Offices,  Burnley. 
Harbottle,  W.  H.,  Orrcll  Colliery,  near  Wigan. 
Hard  wick,  C,  72,  Tulbot  Street,  Moss  Side,  Manchester. 

Member  of  Council. 
Hargreaves,  John,  Collyhurst  Paper  Mills,  Manchester. 
HawkshaWy  Sir  John,  Knight,  F.R.S.,   33,   Great  George 

Street,  "Westminster,  S.W. 
Haydeny  F.  F.,  State  Geologist,  Washington,  U.S.A. 
Heatht'ote,  William,  Fam worth,  near  Balton. 
Hedley,  Jolm  L.,  H.M.  Inspector  of  Mines,  Flookersbrook, 

Chester. 
Hetherington,  Joseph,  22,  Booth  Street,  Manchester. 
Hewitt,  John  R.,  Mining  Engineer,  Derby. 
Hoys,  James,  Ince  Hall  Collieries,  Wigan. 
♦Heywood,  James,  F.R.S.,  F.G.S.,  26,  Kensington  Palace 

Gardens,  London,  W.     Past- President, 
Hey  wood,  Oliver,  Claremont,  Pendkton. 
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1876 
1881 
1885 
1878 
1877 
1878 

1884 
1878 
1884 
1874 

1880 


Higson,  John,  F.G.S.,  18,  Booth  Street,  Manchester. 
Hilton,  James,  Wigan  Coal  and  Iron  Company,  Wigan. 
Hindley,  C.E.,  Clifton  Road,  Eccles. 
Holden,  Charles  H.,  Mawdsley  Street,  Bolton. 
Holding,  William,  Crossall  Colliery,  near  Nottingham. 
Hollingworth,  George  H.,  F.G.S.,  Haworth's  Buildings, 

Cross  Street,  Manchester.     Member  of  Council, 
Howatt,  Andrew,  25,  Mill  Street,  Ancoats,  Manchester. 
Howell,  John,  Astley,  near  Manchester. 
Hughes,  Owen,  Limehurst,  Ashton-under-Lyne. 
Hull,  Professor  Edward,  M.A.,  F.R.S.,  5,  Raglan  Road, 

Dublin. 
Hulton,  W.  W.  B.,  J.P.,  Hulton  Park,  near  Bolton. 


1878  Jackson,  Charles  G.,  Chamber  Colliery  Offices,  Hollinwood, 
Manchester.     Member  of  Council, 

1875  Jackson,  J.,  5,  Wood  Street,  Bolton. 

1880  Jackson,  William,  75,  Broadway  Street,  Oldham. 

1883  Jobling,  Albert,  Spring  Wood  House,  Burnley. 

1883  Jobling,  Henry,  Spring  Wood  House,  Burnley. 

1884  Jobling,  John,  Barcroft,  Cliviger,  Burnley. 

1879  Johnson,  Isaiah,  New  Colliery,  Westhoughton,  Bolton. 
1884  Johnson,  M.  G.,  Rainhill,  Prescott. 

1882  Johnson,  William,  Abram  Colliery,  Wigan. 

1844  *Joule,  J.  P.,  LL.D.,  F.R.S.,  12,  Wardle  Road,  Sale. 


1885     Kearsley,  William,  115,  Manchester  Road,  Tyldesley. 

1882     Kenney,  George,  11,  King  Street,  Wigan. 

1879     Kinahan,     G.   H.,   M.R.I.A.,    Hamilton,    8.0.    Donegal, 

Ireland. 
1 856     KnowU  8,  Andrew,  Swinton  Hall,  Swinton,  near  Manchester. 

Past' President, 
1859     Knowles,  John,  M.Inst. C.E.,  J.P.,  Westwood,  Pendlebury. 

Past- President, 
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of 
BlecUon. 


1882 
1877 
1886 

1884 
1862 

1877 
1877 
1879 

1884 

1884 
1881 
1873 

1883 
1885 

1876 

1874 

1878 
1885 
1878 
1864 

1838 
1838 
1874 


Knowles,  Israel,  Ince,  Wigan. 

Xnowles,  Loes,  M.A.,  LL.M.,  M.P.,  Westwood,  Pendlebury. 

Knowles,  Robert,  Amcliffe,  Cheetham  Hill. 

Leech,  A.  H.,  Brinsop  Hall  Colliery,  Wigan. 

Livesey,  Clegg,  Bradford  Colliery,  Manchester.     Member  of 

Council. 
Livesey,  Thomas,  Bradford  Colliery,  Manchester. 
Lord,  James,  Hill  House,  Eochdale. 
Lupton,   Arnold,   F.G  S.,   M.Inst.C.E.,    4,    Albion  place, 

Leeds. 
Lyon,    Edward,    Ashton's  Green   Collieries,    St.   Helens, 

Lancashire. 

McAdoo,  John,  Colliery  Manager,  Hagside,  Radcliffe. 
McAlpine,  G.  W.,  Whinncy  Hill  Colliery,  Accrington. 
Martin^  Joseph  S.j  E.G. 8.,  H.M.  Inspector  of  Mines,  Elton 

House,  Walters  Boad,  Swansea. 
Mather,  William  Penn,  Iron  Works,  Salford. 
Mawson,  Robert  Bryham,  Sovereign  Colliery,  Westleigh, 

Leigh,  near  Manchester.     Member  of  Council, 
Moore,  Alfred,  C.E.,  Queen's  Chambers,  No.  2,  Ridgefield, 

Manchester. 
Morton^  G,  -ff.,  F.G.S.,  209,  Edge  Lane,  Liverpool. 

Nail,  Simon,  Newbold,  Rochdale. 

Newton,  Charles  Edward,  C.E.,  Sale  Bank  Cottage,  Sale. 
Nelson,  William,  Abram  Colliery,  Bickershaw,  near  Wigan. 
Nuttall,  Thomas,  Colliery  Surveyor,  Bury. 

Ormerod,  G.  W.^  M.A.,  F.G.S.,  Wood  way,  Teignmouth. 
Poii'President, 

Ormerod,  H.  M.,  F.G.S.,  5,  Clarence  Street,  Manchester. 
Hon.  Treasurer  and  Past- President. 

Owen,  Sir  Richard,  D.C.L.,  F.R.S.,  Sheen  Lodge,  Rich- 
mond Park,  London,  S.W. 
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Tear  of 
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1880 
1876 
1883 
1877 
1881 
1877 
1878 

1877 
1884 
1873 

1879 

1873 

1877 
1851 


Parr,  Thomas,  Westleigh,  Leigh,  near  Manchester. 

Peace,  GFeorge,  Monton  Giange,  Eccles.    Member  of  Council. 

Peace,  George  Henry,  Monton  Grange,  Eccles. 

Peace,  MaskeU  W.,  F.G.S.,  Wigan. 

Pearson,  A.,  Dukinfield  Cottage,  near  Ashton-under-Lyne. 

PcDnington,  Rooke,  F.G.8.,  14,  Acresfield,  Bolton. 

Perrin,    J.    Beswick,   M.B..C.S.E.,    F.L.S.,    Leigh,    near 

Manchester. 
Pickup,  Peter  Wright,  Rishton,  near  Blackburn. 
Piggott,  I.,  Carlton  Villa,  Lathom,  near  Ormskirk. 
Pilkington,   Alfred,    Clifton   Collieries,    near  Manchester. 

Hon,  Auditor. 
Pilkington,  Charles,   Ash  ton  and   Edge  Green  Collieries, 

St.  Helens. 
Pilkington,  Edward,  J.P.,  Clifton  Collieries,  near  Manchester. 

Past- President. 
Place,  W.  H.,  Hoddleston  Collieries,  Darwen. 
Plant,  John,  F.G.S.,  Royal  Museum,  Peel  Park,  Salford. 


1867     Radcliffe,  James,  Astley  Deep  Pit,  Dukinfield.     Member  of 

Council. 
1874      Ramsay^   Sir  A.    C,  LL.D.,   F.R.S.,   &c.,    15,   Cromwell 

Crescent,  South  Kensington,  S.W. 
I860     Ridyard,  John,  Walkden,  Bolton. 
1882     Rigby,  William,  Leader's  Buildings,  King  Street,  Wigan. 

1877  Robins,  George  J.,  Ashton,  near  Newton-le- Willows. 
1884     Rogers,  William,  King  Street,  Wigan. 

1884     Roscoe,  James,  Little  Hulton,  Bolton. 

1882     Sacr6,  R.  A.,  West  Kirby,  near  Birkenhead. 

1880     ♦Schofield,    Christopher  James,    Whalley   Villa,    Whalley 

Range,  Manchester. 
1866     Selby,  Atherton,  Mining  En^neer,  Leigh. 
1882     Settle,  Joel,  Darcy  Lever  Collieries,  Bolton. 

1878  Settle,  Miles,  Snow  Hill,  Darcy  Lever,  near  Bolton. 
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t\ 


1884 
1877 

1884 
1879 
1864 

1838 
1881 
1873 

1866 
1881 
1880 
1881 

1859 


1880 

1882 

1882 

1881 
1880 
1884 
1877 

1873 

1876 
1886 


Shaw,  David,  Norbury  Moor,  near  Stockport. 
Shuttleworth,  Sir  Ughtred  J.  Kay-,  Bart.,  Gawthorpe  Hall, 

Burnley.     PoiUPrendmL 
Simpson,  W.  W.,  Church,  Accrington. 
Sixsmith,  John,  Syndale  Hall  Colliery,  Chequerbent,  Bolton. 
♦Smethurst,    William,    F.G.S.,    1,    South    John    Street, 

Liverpool. 
Smith,  G.  F.,  M.A.,  F.G.S.,  Grovehurst,  Tunbridge  Wells. 
Smith,  John,  Bickershaw  Collieries,  Westleigh. 
♦Smith,   R.   Clifford,   F.G.S.,    Parkfield,    Swinton,    near 

Manchester.     Past- President, 
Sopwith,  Arthur,  F.G.S.,  Cannock  Chase  Collieries,  Walsall. 
South  worth,  Thomas,  Hindley  Green  Collieries,  Wigan. 
Speakman,  John,  The  Walmsleys,  Leigh,  near  Manchester. 
Squire,   J.   B.,   A.Inst.C.E.,    1,    Sibella   Road,    Clapham, 

London,  S.W. 
Statter,  Thomas,  Stand  Hall,  Bury. 
Stechert,  G.  E.,  26,  King  William  Street,  Strand,  London, 

W.C. 
Stirrup,  Mark,  F.G.S.,  Richmond  Hill,  Bowdon.     Hon, 

Secretary. 
•Stopford,   T.   R.,    Swan  Lane  Brick  and  Coal  Company, 

Hindley  Green,  near  Wigan. 
Storey,  Edgar,  Leigh,  Lancashire. 

Taylor,  Alfred,  Norley  Collieries,  Wigan. 

Teale,  William  E.,  Fern  Bank,  Worsley. 

Toman,  Daniel,  Chamber  Colliery,  Oldham. 

Tomlinson,   Thomas,    3,   Richmond    Terrace,     Whitehall, 

London,  S.W. 
Tonge,  James,  F.G.S.,  Woodbine  House,   Westhoughton, 

near  Bolton.     Member  of  Council. 
Topping,  Walter,  Bamfurlong  Collieries,  near  Wigan. 
♦Trafford,  Sir  Humphrey  Francis  De,  Bart.,  Trafford  Park, 

Manchester. 
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Election. 


1885 


1876 
1879 
1885 

1882 
1882 
1886 
1882 
1879 
1879 
1885 
1880 

1878 

1877 
1884 
1867 

1880 

1886 

1876 

1886 
1876 


1877 


Turton,  John,  jun.,  H.M.  Inspector  of  Mines,  75,  Man- 
chester Eoad,  Bolton.     Member  of  Council, 

Unsworth,  John,  Scot  Lane  Collieries,  Wigan. 
Unsworth,  Richard,  Mesne  Lea  Colliery,  "Worsley. 
Uttley,  James  Fielden,  Glen  Luoa,  Mayfield  Eoad,  Kersal. 

Walker,  T.  A.,  Pagefield  Iron  Works,  Wigan. 

Wall,  Henry,  11,  King  Street,  Wigan. 

Wallwork,  John,  Clifton  Moss  Colliery,  Clifton,  Manchester. 

Wallwork,  Thomas,  Colliery  Office,  Walkden,  near  Bolton. 

Walsha w,  John,  Astley  and  Tyldesley  Collieries,  Tyldesley. 

Warhurton,  William,  High  Lane,  near  Stockport. 

Ward,  Thomas,  North wich. 

Watts,    William,    F.G.S.,    Piethome,    Rochdale.        Vice- 

President, 
Wells,  Samuel  B.,  Mining  Engineer  to  the  Bengal  Coal  Co., 

Ld.,  Khooldea  Collieries,  Giridih,  India. 
West,  T.  E.,  65,  Wemeth  Hall  Road,  Oldham. 
Whitehead,  John,  Chorley,  Lancashire. 
Wild,  George,  Bardsley  Colliery,  Ashton-under-Lyne. 

Vice-President, 
Williams,  E.  Leader,  M.Inst.C.E.,  Queen's  Chambers,  John 

Dalton  Street,  Manchester. 
WilliatMon,   Professor    W,    C,    LL.D.,   F.R.S.,    Egerton 

Road,  Fallowfield. 
Winstanley,  Robert,  28,  Deansgate,  Manchester.     Member 

of  Council, 
♦Wood,  Guy,  71,  King  Street,  Manchester. 
Woodward,  H.  A.,  Clifton,  near  Manchester.     Member  of 

Council, 

Yates,  T.  M.,  Anderton  Hall  Colliery,  Blackrod,  Chorley. 


Members  are  requested  to  communicate  to  the  Hon,   Secretaries  all 
changes  of  address,  also  any  corrections  or  omissions  in  the  list. 


TRANSACTIONS 

OF  THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 


Pakt  n.  Vol.  XIX.  Session  1886-7. 


The  Ordinary  Mektimo  of  the  Members  was  held 
on  Tuesday,  November  9th,  1886,  at  the  Rooms  of  the 
MaDchester  Literary  and  Philosophical  Society,  George 
Street. 

The  President,  Professor  W.  Boyd  Dawkins,  P.R.S., 

in  the  Chair. 


NEW  MEMBER. 


Mr.  John  Nield,  Longshut  Lane,  Stockport,  was  balloted 
for,  and  unanimously  elected  an  Ordinary  member  of  the 
Society. 

The  following  are  the  recent  additions  to  the  Library : — 

Oambridge— Report  of  Library  Syndicate,  June,  1886. 

Chesterfield  and  Midland  Counties  Institution  of  Engineers :  Transactions, 

Part  3,  Vol.  XV.—From  the  Institutum. 
Cornwall,   Royal  Institution  of:  Journal,  Part  1,  Vol.  IX. — From  the 

Institution. 
Hertfordshire  Natural  History  Society  and  Field  Club:  Transactions, 

Parts  1-3,  Vol.  lY, ^From  the  Society. 
Leicester  Literary  and  Philosophical  Society  :  Report  of  Council,  1886 ; 

Transactions,  Part  1,  October,  1886.— From  the  Society. 
liyerpool — (Geological  Society:  Proceedings,  Part  2,  Vol.  Y.^From  the 
Society, 

Science  Students'  Association :  Annual  Report,  1886-6. — From  the 

Atsociation. 
London— (Geological     Magazine,     October     and     Noyember,     1886. — 

Ihtrehased, 
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London — Geological  Society :  Quarterly  Journal,  No.  108;  List  of  Fellows, 
November  1,  1886.— from  th4  Society, 

Geologists*  Association :  Proceedings,  Nos.  6  and  7,  Vol.  IX. — 

From  the  Ateoeiation. 
Manchester    Association    of    Engineers:    Thirtieth  Annual    Report    <d 
Council,  1885,  Three  Pamphlets,  and  President's  Address,  October, 
1 886. — From  the  Association. 

Scientific  Students*  Association  :  Report  and  Proceedings,  1886. — 

From  the  Association. 
Midland  Institute  of  .Mining  Engineers :  Transactions,  Part  83,  Vol.  X. — 

From  the  Institute. 
Mining  Institute  of  Scotland :  Transactions,  Part  5,   Vol.  VIII. — From 

the  Institute. 
North  of  England  Institute  of    Mining    and    Mechanical    Engineers: 

Transactions,  Part  4,  Vol.  XXXV. — From  the  Institute. 
South  Wales  Institute  of  Engineers:  Proceedings,  No.   1,  Vol.  XV. — 

From  the  Institute. 
Inland  Transport  and  Manchester  Ship  Canal :  Reprint  from  Scottish 

Review y  October,  1886. 
Explosions  in  Coal  Mines,  by  W.  N.  and  J.  B.  Atkinson. — Purchased. 
Special  Report  on  Explosion  of  Fire-damp  at  Bedford  Colliery,  I^nca- 

shire,  by  Joseph  Dickinson,  F.G.S. — From  the  Author. 
Canada :  Catalogue    of    Collection    of    Economic    Minerals    of  Canada, 
Colonial  and  Indian  Exhibition,  1886. — From  Director  of  Geolngicdl 
Survey. 

Hamilton  Association:  Journal  and  Proceedings,  Part  2,  Vol.  I., 

1884-5. — From  the  Association. 
Toronto,  Canadian  Institute :  Proceedings,  No.  1,  Vol.  IV. — F^om  the 

Institute. 
U.S.A.,  Cambridge,  Harvard  College:  Museum  of  Comparatiye  Zoology, 

No.   6,  Vol.   XII. ;    Report  on  MoUusca.    No.  1,  Vol.  XIII. ; 

Reports  on  Results  of  Dredging. — From  Alexander  Agaseiz. 

New  York :    American  Museum  of   Natural  History,  Bulletin 
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ADDRESS  BY  THE  PRESIDENT, 

(Fbotsssor  W.  B.   Dawsins,   M.A.,   F.R.S.,) 

"ON    THE    GEOGRAPHY    OF    BRITAIN    IN    THE 

CARBONIFEROUS  PERIOD.'' 


The  President  said  :  In  accepting  the  honour  which  you 
have  conferred  upon  me  I  feel  that  I  owe  a  great  deal  to  the 
forbearance  of  this  Society ;  for,  unfortunately,  from  the 
position  in  which  I  am,  there  are  so  many  calls  upon  my 
time,  that  I  have  not  been  able,  up  to  the  present,  to  devote 
that  amount  of  attention  to  the  interests  of  the  Society  which 
I  could  have  desired.  Nevertheless,  so  £Eur  as  I  can,  I  will 
promise  to  do  my  duty,  and  to  further  the  Society's  interests 
so  &r  as  my  opportunities  will  allow. 

In  an  address  to  a  Geological  Society,  there  are  two  objects 
which  may  be  kept  well  in  view ;  one  is,  to  bring  forward 
something  which  is  absolutely  new  and  of  the  nature  of 
original  research ;  and  the  other  is  to  place  before  the  Society 
an  outline  of  some  special  inquiry,  with  perhaps  some  fresh 
lights  or  some  general  observations  on  the  results  towards 
which  that  inquiry  tends.  Unfortunately  my  position  this 
afternoon  is  that  of  one  who  has  to  undertake  the  second  of 
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these  tasks,  rather  than  the  first — ^which,  of  course,  is  of  a 
higher  and  better  order.  I  thought  that,  perhaps,  of  all 
subjects  which  I  might  choose  to  say  a  few  words  upon  to 
this  Society,  none  could  be  of  greater  interest  than  that  which 
bears  upon  the  physical  history  of  the  British  Isles  during 
the  time  when  the  carboniferous  rocks  were  in  process  of 
being  acciunulated. 

I  wish  first  of  all  to  call  your  attention  to  that  sketch 
fhich  represents  the  sea  margin — the  typical  sea  margin.  It 
represents  the  distribution  of  materials  at  the  bottom  and  on 
the  margin  of  the  sea,  according  to  the  results  which  have 
been  recently  placed  before  us  in  the  expedition  of  the 
Challenger.  You  see,  in  due  order  and  drawn  to  scale,  the 
successive  deposits  which  are  formed  at  different  depths.  In 
the  first  place  you  will  note  that  from  high  water  mark  down 
to  about  15  fathoms  we  have  accumulations  of  shingle. 
Beyond  that  we  have  sand  reaching  to  a  depth  of  about  100 
fathoms;  but,  whether  the  sand  has  been  accumulated  at 
that  depth  is  more  than  I  can  tell.  It  is  very  possible  that 
that  figure  of  100  fathoms  is  really  based  upon  the  occurrence 
of  sandbanks  somewhere  near  the  100  fathoms  line ;  and  it 
may  be  that  they  were  formed  during  some  of  those  oscilla- 
tions of  level  with  which  we  are  all  by  this  time  so  familiar 
as  geologists.  But  when  we  consider  the  distribution  of  the 
mud — the  finer  sediments — we  find  that  that  ranges  to  a 
considerably  greater  depth,  to  upwards  of  700  fathoms ;  and 
I  should  feel  inclined  to  think  that,  under  exceptional  condi- 
tions, mud  from  the  land  may  be  deposited  even  in  the  extreme 
depths  of  the  sea.  In  the  case  of  the  Amazon  and  the  La  Plata, 
we  have  rivers  flowing  into  the  Atlantic  at  points  where 
enormous  depths  come  almost  close  to  the  South  American 
shore ;  and  there  can  be  no  manner  of  doubt  but  that  the 
fine  muddy  sediments  are  carried  down  by  those  rivers  and 
swept  out  far  to  sea,  where  in  the  long  course  of  years,  it  may 
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be  of  centuries,  they  form  a  deposit  covering  the  ocean  bottom 
at  the  depth  of  1,000  fathoms  and  more.  But  beyond  the 
littoral  mud,  and  ranging  from  the  shallow  seas  down  to 
depths  of  2,250  fethoms,  in  round  numbers,  we  have  another 
accumulation  altogether,  which  is  analagous  in  its  constitu- 
tion to  our  chalk.  It  is  calcareous,  and  is  mainly  the  result 
of  countless  generations  of  globigerina  having  lived  and  died 
in  that  area,  mingled  with  various  shells,  starfishes,  and  with 
siliceous  diatoms,  and  polycistinese.  Then,  at  still  greater 
depths,  ranging  from  about  2,200  fathoms  down  to  the 
extreme  depths  of  the  sea  we  have  an  accumulation  of  fine 
red  impalpable  mud.  The  observations  taken  of  late  years 
prove  that  these  zones  are  clearly  marked  in  all  oceans. 

We  are  now  in  a  position,  such  as  we  never  were  before,  to 
make  out  the  true  conditions  under  which  the  rocks  of 
marine  origin  have  been  formed.  In  the  first  place,  however, 
there  are  none  of  the  red  muds  of  the  abysses  of  the  sea 
represented  anywhere  in  the  geological  record.  In  the  second 
place,  I  would  say  there  is  no  evidence  whatever  of  the  deep- 
sea  part  of  the  globigerina  ooze  being  represented  by  any 
of  the  stratified  deposits.  We  do  find  that  the  shore  end,  so 
to  speak  of  the  globigerina  zone  is  represented  by  our  chalk. 
With  regard  to  the  muddy  deposits,  the  mud,  of  course,  forms 
the  main  staple  of  our  clays  and  shales,  our  slates  and 
aigillites,  and  the  like.  With  regard  to  the  sand,  the  petri- 
fied sandbanks  at  once  reveal  their  proximity  to  land ;  and 
as  to  the  shingle  there  can  be  no  doubt  whatever  that  we  are 
close  to  the  margin  of  the  ancient  shore.  Indeed,  we  may 
almost  &ncy,  when  we  are  standing  on  the  conglomerate  or 
petrified  shingle-beach,  that  we  hear  the  dash  of  the  breakers 
of  seas  that  have  disappeared  countless  ages  ago.  Let  us, 
then,  apply  these  principles  to  the  inquiry  which  we  have 
in  hand — an  inquiry  into  the  ancient  geography  of  this  part 
of  the  world  during  the  carboniferous  age. 
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At  the  veiy  bottom  of  the  carboniferous  rocks  in  this 
countiy  we  find,  where  the  series  is  complete,  the  lower  shale 
a  marine  mod  (A)  with  conglomerate  and  sandstone.     Then, 
above  that,  we  have  (B)  the  carboniferous  limestone,  a  marine 
limestone,  which,  as  we  shall  see  presently,  sheds  a  most 
important  light  on  the  ancient  geography.     Above  that  we 
have  another  series  of  shales  familiar  to  most  of  us — the 
Yoredale  shales  (C),  also  marine — and  above  that  again  we  have 
a  very  thick  accumulation  of  old  sandbanks,  and  old  mud 
banks,  the  miUstone  grit  series  (D),  mingled  with  beds  of 
shale.    I  have  never  heard  of  marine  shells  being  found  in  the 
millstone  grit  sandstones;    but,  in  some  places,  the  inter- 
bedded   shales  contain  marine   shells,   though   they   are   of 
exceedingly  rare  occurrence.     When  we  come  into  the  lower 
ooal  measures  (E)  we  have  marine  conditions,  and  when  we 
reach  the  middle  (F)  and  upper  (Q-)  coal  measures,  we  find 
fresh  water  and  estuarine  conditions,  whilst  in  the  upper 
measures  we   find   marine   conditions   again.     But   I  need 
hardly  tell  you,  gentlemen,  that  there  is  no  hard  and  fast  line 
to  be  drawn  between  the  marine  and  the  fresh  waters  in  the 
coal  measure  series.     There  is  an  interlacing  and  overlapping 
of  marine  strata  containing  avicidarpecten,  goniatitea,  and  the 
like,  with  fresh  water  beds,  containing  anthracosia.     These 
lie  in  separate  beds  but  not  side  by  side  in  the  same  rock. 
In  dealing  with  the  ancient  geography  of  the  British  Isles 
during  the  carboniferous  period  I  will  divide  the  strata  into 
two  groups.     I  propose  to   take  the  lower  shale   (A),   the 
carboniferous  limestone  (B),  and  the  Yoredale  shale  (C),  and 
to  discuss  the  physical  conditions  under  which  these  rocks  were 
formed.     Supposing  we  make  our  start  in  the  place  where 
the  mountain  limestone  series  is  thickest — in  Derbyshire. 
There  it  is  no  less  than  5,500  feet  in  thickness,  according  to 
the  measured  geological   sections,   implying   that   it  is  an 
accumulation  formed  in  deep  water,  but  not,  of  course,  in 
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the  extreme  depths  to  which  the  globigerina  extends.  It 
was  formed  in  deep  and  clear  water,  which  is  proved,  by  the 
raiity  of  the  shales,  to  have  been  for  the  most  part  free  from 
mud.  If  we  follow  the  limestone  in  the  direction  of  Wales, 
we  find  in  Flintshire  and  Denbighshire  that  of  Derbyshire 
gradually  grows  thinner  and  thinner.  Not  only  so,  but  there 
are  beds  of  shale  and  sandstone  associated  with  the  limestone 
which  prove  that  we  are  getting  towards  an  ancient  shore  in 
that  direction.  If  we  go  right  away  to  the  margin,  where 
the  lower  carboniferous  rocks  (A)  rest  upon  the  older  rocks, 
the  lower  carboniferous  shore  line  is  marked  by  the  con- 
glomerate and  underlying  sandstones  and  shales  about  100 
feet  thick,  resting  on  the  Denbighshire  grits  of  the  upper 
Silurian  age.  Here  the  limestone  ranges  to  about  1,500  feet 
in  thickness.  There  can  be  no  doubt  whatever,  then,  that 
when  we  are  standing  upon  that  old  shingle  beach  we  are 
standing  upon  the  shore  of  the  sea  at  the  beginning  of  the 
carboniferous  period.  I  have,  therefore,  drawn  my  line 
dividing  the  land  from  the  sea  at  this  time  to  the  south  of 
the  Vale  of  Clwyd,  sweeping  round  the  Snowdon  range  so  as 
to  avoid  Anglesea,  and  passing  west  in  the  direction  of 
Dublin.  It  curved  eastwards  and  southwards  as  far  as  the 
Clee  Hills,  near  Ludlow,  and  from  this  point  ran  northwards 
and  eastwards  past  Rugby  to  Chamwood  Forest,  its  course 
further  to  the  east  being  concealed  beneath  the  secondary 
strata.  From  the  river  Vymiew  to  Chamwood  Forest  the 
lower  carboniferous  strata  are  conspicuous  by  their  absence, 
and  therefore  we  may  conclude  that  Professor  Jukes'  inference 
as  to  the  existence  of  a  barrier  of  land  at  this  time  in  this 
direction  is  a  true  exposition  of  the  facts. 

Let  us  now  carry  our  inquiry  from  Derbyshire  northwards. 
In  Yorkshire,  under  Ingleborough,  the  ancient  beach  com- 
posed of  pebbles  of  the  underlying  rocks,  divides  the  lime- 
stone from   the    Cambro-Siliuian,   and  lies  buried  beneath 
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a  great  thickness  of  lower  carboniferous  rocks.  Here 
it  was  depressed  to  a  depth  of  at  least  six  or  seven 
thousand  feet  beneath  the  waters  of  the  lower  carboniferous 
sea,  if  we  take  the  strata  of  Pendle  Hill  as  a  measure.  In 
the  Lake  District  the  shingle  beach  appears  in  the  same 
position  encircling  the  Cumbrian  mountains,  near  G-range 
and  elsewhere,  pointing  to  the  existence  of  land  at  this  time 
in  that  region. 

If  we  trace  the  mountain  limestone  from  Derbyshire  north- 
wards and  eastwards  into  the  districts  of  Durham  and 
Northumberland,  we  find  that  the  thick  calcareous  beds  are 
split  up  by  wedges  of  shales  and  sandstones,  and  by  coal 
seams,  or  fossil  vegetable  accumulations  formed  on  the  land. 
Land,  therefore,  existed  in  that  direction  at  that  time. 
The  depths  of  the  sea  being  in  Derbyshire — the  sea  shal- 
lowed ;  and  throughout  these  districts,  and  into  the  south  of 
Scotland,  we  can  trace  the  position  of  the  land  not  merely  by 
the  presence  of  shingle-beaches,  but  by  the  occurrence  of 
coal  seams  interbedded  with  the  limestones,  as  well  as  by  the 
thinning  out  of  the  limestones.  The  shallows  extended  over 
the  central  valley  of  Scotland,  and  as  far  as  the  line  of 
shingle-beaches  on  the  southern  flanks  of  the  Highlands, 
which  mark  the  shore-line.  In  the  south  of  Scotland  the 
sea  covered  the  area  of  the  Lammermuir  Hills  and  the 
greater  part  of  Kirkcudbright,  and  broke  against  two  or 
more  small  islands,  which  are  now  represented  by  the  higher 
Silurian  summits,  such  as  White  Combe  and  Broad  Law. 

The  lower  carboniferous  sea  covered  by  far  the  greater 
portion  of  Ireland.  The  same  thinly-bedded  lower  carboni- 
ferous strata  which  we  find  in  the  central  valley  of  Scotland — 
coal  seams  associated  with  limestones — occur  in  a  small  coal 
field  of  Ballycastle,  Antrim,  which  lies  buried  under  the 
dolerite  of  north-eastern  Ireland,  opposite  to  the  Mull  of 
Cantire.     This  indicates  the  nearness   of  the  land  to  the 
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shore,  which  is  marked  by  the  shingle-beaches  on  the  south- 
eastern flanks  of  the  hills  of  Donegal,  from  Loch  Foyle  to 
Donegal  Bay.  From  this  point  they  run  along  the  eastern 
side  of  the  higher  hills  of  Mayo  and  Gralway  to  the  bays  of 
Clew  and  Gralway.  Still  further  to  the  south  the  shingle- 
beaches  on  the  eastern  side  of  Dingle  Head  and  Kenmoie 
mark  the  old  shore-line  of  a  land  which  was  in  the  north- 
west, and  of  which  the  Highlands  and  the  picturesque  western 
hills  of  Ireland  formed  outlying  parts  on  the  sea-board. 
The  Hills  of  Down  and  the  Wicklow  Mountains  were  islands, 
the  latter,  not  improbably,  being  connected  with  Wales, 
across  what  is  now  the  Irish  Sea,  while  the  higher  ranges  in 
the  Isle  of  Man  and  the  Highlands  of  Scotland  stood  over  the 
sea  between  the  island  of  Mayo  and  the  island  of  Cimibria. 

We  have  seen  that  the  northern  margin  of  the  land  barrier 
ranged  eastwards  in  the  direction  of  Chamwood  Forest.  The 
southern  boundary  is  equally  well  defined.  It  passes  across 
South  Wales  from  the  north  of  St.  Davids  in  the  direction  of 
Tewkesbury  and  Northampton,  where  it  is  concealed  by  the 
secondary  rocks.  In  the  Forest  of  Dean  and  in  South  Wales 
we  get  about  1,200  feet  of  lower  carboniferous  rocks.  Still 
further  to  the  south  the  culm-measures  of  Devonshire  are  a 
shallow  sea  accumulation  formed  against  a  land  which  is 
composed  of  the  same  Archaian  and  Cambrian  rocks  as  the 
region  of  St.  Davids,  and  which,  in  my  belief,  extended 
over  the  area  of  the  English  Channel  to  the  east  to  form 
the  Channel  Islands,  and  to  the  south  to  form  the  western  hills 
of  Brittany.  From  this  land  the  carboniferous  sea  is  proved 
to  have  extended  over  south-eastern  England  by  the 
Yoredale  rocks,  struck  in  the  boring  at  Harwich,  and  by 
the  lower  caiboniferous  strata  of  North  France,  Holland, 
and  Belgium,  and  the  valley  of  the  Rhine. 

Such  as  this  is  my  conception  of  the  conditions  of  land 
and  sea  during  the  deposit  of  the  lower  carbonifeious  rocks ; 
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and  I  take  it  that  when  Derbyshire  and  this  area  in  which  we 
are  was  sunk  in  the  depths  of  the  carboniferous  sea,  the  High- 
lands of  Scotland  and  of  the  West  of  Ireland  were  dry  land, 
and  formed  part  of  a  continent,  with  outlying  islands  off  its 
south-eastern  coast-line. 

We  must  now  consider  the  upper  carboniferous  geography 
of  our  land.  During  the  time  of  the  accumulation  of  the 
Yoredales,  which  are  so  widely  spread  over  the  British  area,  the 
sea  was  becoming  more  and  more  shallow.  There  were  con- 
siderable oscillations  of  level  in  the  north,  but  the  general 
drift  of  events  was  towards  the  sea  becoming  shallower,  and 
the  mud  from  the  land  encroaching  on  the  shore  end  of 
the  carboniferous  limestone,  and  the  sand  banks  following 
close  on  the  mud  banks.  In  this  manner  the  petrified  mud 
banks  and  sand  banks,  the  Yoredales  and  millstone  grit  form 
one  continuous  set  of  rocks  over  the  greater  portion  of  the  area 
which  we  have  under  consideration,  and  thicker  in  Lancashire, 
Derbyshire,  and  Yorkshire  than  anywhere  else.  While  the  land 
was  encroaching  on  the  area  of  the  sea  by  the  accumulation 
of  these  sediments,  the  terrestrial  vegetation  (Lepidodendra, 
SigillarisB,  Calamites,  ferns,  and  conifers)  was  spreading  from 
the  old  lower  carboniferous  land  areas  over  the  new  upper 
carboniferous  marsh  lands,  from  the  mountains  of  Wales, 
and  firom  the  other  lower  carboniferous  islands,  now  uplands. 
These  forests  constituted  in  their  decay,  through  many  genera- 
tions, the  accumulation  which  now,  compacted  by  pressure  and 
subjected  to  earth  heat,  is  familiar  to  us  as  a  coal  seam.  Each 
coal  seam  represents  a  land  surface,  just  as  the  sand  banks 
and  mud  banks  (sandstones  and  shales)  above  it  point  to 
submergence.  The  fact,  too,  that  the  coal  seams  which,  in 
a  given  section,  are  parallel  to  each  other,  or  nearly  so, 
implies  that  the  forests  grew  on  horizontal  tracts  of  land 
just  as  the  associated  sand  banks  and  mud  banks,  with 
marine  and  fresh  water  shells,  prove  that  these  horizontal 
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tracts  were  near  the  sea  level,  or  within  the  reach  ot 
the  waters  of  a  mighty  river.  We  may  also  learn  from 
the  study  of  the  isolated  coal  fields  that  this  great 
horizontal  tract  of  forest-clad  alluvia  occupied  nearly  the 
whole  area  of  the  British  Isles  in  the  upper  carboniferous 
age,  firom  the  Scotch  Highlands  southward,  the  dead  'flat 
being  broken  only  by  the  higher  lands,  the  old  islands  of  the 
lower  carboniferous  sea,  which  I  have  already  described.  It 
was,  indeed,  a  delta  of  a  mighty  river  analogous  in  every 
particular  to  that  of  the  Mississippi — a  delta  in  which  firom 
time  to  time  the  forest  growths  became  depressed  beneath 
the  water  until  the  whole  thickness  (7,200  feet  in  Lanca- 
shire) was  accumulated  of  coal  seams  and  associated  sand- 
stones and  shales.  After  each  depression  the  forest  spread 
again  over  the  bare  expanse  of  sand  and  mud  piled  up  in 
the  depression.  In  this  manner  we  can  account  for  the  feet 
that  there  is  scarcely  any,  if  any,  change  to  be  noted  in  the 
Flora  during  the  great  length  of  time  implied  by  the 
great  thickness  of  the  carboniferous  strata. 

The  enormous  extent  of  that  upper  carboniferous  delta 
implies  a  river  of  great  magnitude,  and  a  continent  of 
corresponding  size,  to  give  the  necessary  drainage  area. 
Such  a  continent  is  that  north-western  land,  on  the  shores  of 
which  the  lower  carboniferous  strata  were  laid  down,  and 
which  I  have  named  in  my  lectures  before  the  Royal  Institu- 
tion in  1886,  Archaia  from  the  original  ma««i/ being  composed 
of  Archaian  rocks.  To  this  northern  and  western  land  may 
be  traced  the  pebbles  and  groups  of  pebbles  found  in  the 
coal  seams  of  Lancashire,  such  for  example  as  the  Trencher- 
bone  seam  near  Kearsley,  and  which  have  probably  been 
brought  down  in  flood  time  from  the  uplands  in  the  roots 
of  trees.  They  are  without  exception  quartzites,  and  have 
probably  been  derived  from  a  shingle  beach  of  a  sea  that  beat 
against   Cambrian  or    Siliuian   rocks.      The  north-western 


47 

continent  of  Archaia  occupied  the  North  Atlantic  area, 
stretching  from  the'  west  coast  of  Ireland  and  the  Highlands 
of  Scotland  to  Greenland  and  the  region  of  the  St.  Lawrence 
from  the  Cambrian  age  through  all  the  succeeding  periods 
down  to  the  close  of  the  miocene,  and  on  its  ever  oscillating 
coast  lines  the  British  strata  of  the  Primary  and  Secondary 
ages  were  accumulated.  In  the  lower  carboniferous  times 
the  various  marine  deposits  were  deposited  on  the  eastern 
ever  shifting  shore-line  of  Archaia.  In  the  upper,  the  mud 
banks,  sand  banks,  and  peaty  morasses  were  accumulated  in 
a  great  delta,  flat  and  broken  by  uplands  here  and  there,  and 
extending  from  the  Highlands  southwards  to  Cornwall,  and 
from  Dingle  Promontory  on  the  west  of  Ireland  far  away 
eastward  into  the  valley  of  the  Rhine.  At  the  close  of  the 
carboniferous  period  this  vast  tract  of  alluvia  was  broken  up 
and  folded ;  the  Pennine  chain  was  formed  by  one  of  its  north 
and  south  folds ;  and  on  its  sea-worn  and  battered  edges  the 
Permian  rocks  were  deposited,  both  on  the  eastern  and  the 
western  sides.  It  only  remains  for  me  to  add  that  in  this 
address  I  have  entered  upon  the  labours  of  Phillips,  Godwin- 
Austen,  Jukes,  and  Hull,  and  that  I  have  dealt  imperfectly 
and  only  in  outline  with  a  diflScult  and  complicated  question. 


GEOLOGICAL  SKETCHES  AT   PIETHORN   AND 

DENSHAW. 

By  William  Watts,  F.G.S. 


GLACIAL  PHENOMENA. 
The  river  deposits  of  Piethom  valley  lie  on  the  glacial 
drift  which  extends  from  the  sea  margin  to  an  elevation  of 
850  feet  above  ordnance  datum.  Above  this  level  the 
typical  boulder  clay  does  not  exist  in  the  valleys  drained  by 
the  rivers  Tame  and  Roach,  which  are  carved  in  the  westerly 
slopes  of  the  Pennine  Chain. 
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Few  persons  have  had  better  opportunities  than  myself  of 
observing  the  glacial  phenomena  in  the  districts  named, 
and  such  is  the  result  of  my  experience,  which  extends  over  a 
period  of  20  years,  at  Swineshaw,  Denshaw,  and  Piethom 
valleys,  in  each  of  which  extensive  excavations  have  been 
made  for  waterworks  purposes. 

Piethom  brook  pours  its  water  into  the  river  Beal  at  New 
Hey,  which  rises  in  the  north  of  Oldham,  and  falls  into  the 
Boach  at  Bochdale.  The  drainage  area  of  the  Roach  at  the 
latter  place  is  21,920  acres,  about  one-half  of  which  exists 
above  the  600  ft.  ordnance  datum. 

The  highest  hills  in  the  Parish  of  Rochdale  are : — 

Feet. 

Robin  Hood  Beds  1553 

Blackstone  Edge  Moor 1396 

Knowl  Hill 1 378 

Floxstone  Edge  Road 1377 

Moorcock  Rowly  Moor 1324 

Crow  Knowl    1287 

Brown  Wardle    , 1314 

Moorcock  Inn  Ogden  Edge 1114 

Windy  Knowl 1275 

Binns  Higher  Pasture    1200 

Piethom  Hey 1175 

On  most  of  these  hills  flint  implements  of  various  kinds 
have  been  found,  showing  that  primitive  man  must  have 
roamed  in  the  district  over  a  wide  area  in  early  time. 

The  drift  in  the  valley  of  the  Roach  is  similar  to  the  drift 
found  in  the  valley  of  the  Tame,  with  local  variations. 

The  boulders  consist  mainly  of  Silurian  grit,  Eskdale 
granite,  moimtain  limestone,  flint,  and  a  variety  of  fireformed 
rocks. 

Several  large  boulders  exceeding  a  ton  weight  were  found 
in  excavating  for  Ogden  Embankment,  and  when  the  reser- 
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voir  is  low  a  porphyritic  boulder  fiilly  2^  tons  is  exposed  on 
the  northerly  side  of  the  valley,  and  a  second  one  not  much 
less  lies  at  the  same  level  below  the  waterman's  house  on  the 
southerly  side. 

Most  of  the  erratics  found  in  Piethom  valley  are  rounded, 
and  not  a  few  are  striated. 

As  a  rule  the  large  boulders  are  deeply  embedded  in  the 
clay,  and  in  the  section  opened  out  for  the  foundation  of 
Ogden  embankment,  several  redly  coloured  patches  of  con- 
torted clay  were  exhibited,  which  appeared  to  have  been 
subjected  to  lateral  pressure. 

Whether  the  drift  of  the  character  found  skirting  the 
southerly  slopes,  and  filling  the  valleys  of  the  Pennine  Chain, 
be  due  to  land  ice  or  floating  icebergs,  is  an  open  question, 
and  much  may  be  said  in  favour  of  both  theories. 

Isolated  erratics,  and  perched  boulders  found  at  eleva- 
tions exceeding  1000  feet  ordnance  datum,  are  witnesses  in 
fevour  of  land  ice;  also  the  fiict  of  local  grits  being  found 
in  the  clays  reposing  in  the  valleys  is  further  evidence. 

On  the  other  hand,  however,  the  clay,  not  being  found 
higher  than  850  feet,  favours  the  theory  of  floating  ice,  and 
about  the  same  level  in  Swineshaw,  and  Carr  Brook  valleys, 
loose  rubble  stones  lie  scattered  about,  as  if  they  had  been 
washed  by  the  waters  of  a  glacial  ocean. 

In  most  valleys  in  the  Pennine  chain  the  rivers,  or  brooks, 
have  not  cut  their  way  more  than  a  few  feet  into  the  boulder 
clay,  and  it  would  be  interesting  to  know  how  the  primitive 
conformation  was  formed,  whether  by  the  action  of  water 
acting  mechanically  on  the  sides,  to  widen  and  deepen  them, 
or  from  other  causes. 

The  lower  reaches  would  assume  a  different  shape  compared 
with  their  present  character  prior  to  the  last  glacial  period, 
which  filled  all  the  valleys  with  drift. 

The  valleys,  and  ancient  river  courses,  were  formed  above 
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the  sea  level,  and  not  below  it;  therefore  we  are  led  to 
imagine  how  much  lower  or  how  much  higher  the  neighbour- 
ing hills  were  during  the  refrigeration  of  glacial  time. 

It  may  be  assumed,  however,  that  as  the  land  slowly  rose 
out  of  the  water,  the  drift  would  be  deposited  in  the  valleys, 
and  on  the  hill  side ;  consequently  the  higher  deposits  would 
be  the  oldest ;  and  those  at  the  sea  level  the  youngest,  or 
most  recent. 

This  evidence  must  be  borne  in  mind  when  forming  our 
conclusions  as  to  which  theory  is  the  most  feasible  to  account 
for  the  boulder  clay  nestling  in  the  valleys  850  feet  above  the 
sea  level. 

I  notice,  however,  that  a  greater  number  of  granitic 
boulders  are  found  at  higher  levels  at  Denshaw.  A  score  at 
least  were  discovered  at  New  Year's  Bridge  900  feet  above 
the  sea,  and  six  were  found  at  Dowry  60  feet  higher.  No 
clay,  however,  was  found  with  them,  and  in  the  higher 
valleys  of  the  Tame  they  are  more  angular  than  the  boulders 
discovered  at  Piethom ;  but  whether  they  are  all  drifted 
from  one  point  of  the  compass  I  am  not  prepared  to  say. 

On  the  easterly  slopes  of  the  Pennine  Chain  (in  Todmorden 
valley)  boulder  clay  has  been  found  at  an  elevation  exceeding 
1,000  feet.  I  have  not  seen  it,  but  I  have  seen  moraine 
matter  in  a  valley  near  Burnley,  in  great  abundance,  reposing 
on  the  hill  side,  which  must  have  been  left  behind  by  a 
receding  glacier. 

Although  many  times  searched  for,  I  have  not  been  able 
to  discover  glacial  striations  on  the  rock  surfaces  laid  bare 
during  our  excavations  ;  but  it  must  be  borne  in  mind  how 
readily  markings  are  obliterated  in  sandstone  rock. 

The  subject  is  of  great  interest,  and  the  Society  must 
excuse  me  introducing  it  at  such  length. 
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STRATIGRAPHY  AND  PHYSICAL  FEATURES. 

Day  after  day  my  eye  is  accustomed  tx)  wander  on  these 
hilly  slopes,  and  I  see  many  places  where  former  river 
courses  exist.  They  are  ill-defined,  but  silent  witnesses 
of  the  wear  and  tear  of  mountain  streams,  and  my  mind 
feeds  on  their  probable  age,  and  I  wonder  whether  the 
water  parting  of  the  anticlinal  axis  was  physically  different 
prior  to  the  last  glacial  period,  and  whether  more  water  was 
discharged  firom  them  into  St.  George's  Channel  than  at 
present. 

The  rate  of  valley  erosion  must  not  be  measured  solely  by 
the  attacking  forces  we  see  in  operation  to-day,  but  we  must 
enquire  whether  they  have  been  greater  or  less  in  remote 
time.  The  erosive  agencies  are  the  same,  but  they  may  have 
been  applied  with  greater  force  in  former  time. 

The  drainage  area  is  unchanged  except  in  conformation. 
The  hills  are  being  slowly  weathered  back,  and  becoming 
flatter  on  the  top.  In  this  way  the  rainfall  is  retained  for  a 
longer  period,  which  fact  must  imperceptibly  reduce  the 
destroying  eflfect  of  floods. 

The  valleys  in  the  upper  reaches  are  getting  wider  and 
deeper,  and  the  unprotected  surfaces  are  more  liable  to 
attack  by  atmospheric  agencies  than  flat  ground. 

The  erosive  effect  must  lessen,  as  the  hills  are  reduced  in 
altitude. 

Strewed  on  the  higher  slopes  of  Piethom,  and  other  places 
on  the  Pennine  chain,  may  be  observed  large  millstone  grit 
blocks,  mostly  angular,  but  all  more  or  less  weathered. 

The  situation  of  many  of  them  is  most  singular,  and 
suggestive  of  forces  other  than  meterological,  having  con- 
tributed to  place  them  where  they  lie. 
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Accidental  falling  from  parent  beds,  by  the  undermining 
action  of  the  weather  seems,  to  my  mind,  insufficient  to 
account  for  the  phenomenon,  and  we  must  look  to  other 
agencies  than  mere  weathering  for  an  explanation  such  as 
land  ice,  oceanic  water,  and  surface  upheaval. 

The  lateral  rivulets  on  each  side  of  Piethom  valley  dis- 
charge into  the  main  stream  nearly  at  right  angles, 
and  at  the  head  of  the  valley  the  brook  divides  into  three 
streams. 

The  middle  one  drains  627  acres,  the  outer  one  to  the  left 
480  acres,  and  the  third  stream  on  the  right  80  acres ;  total, 
1,187  acres. 

Denshaw  valley  is  differently  subdivided.  The  carving  is 
more  irregular,  owing  to  the  hard  character  of  the  rock  which 
immediately  overlies  the  Kinder  grits  of  the  district.  The 
drainage  area  down  to  New  Year's  Bridge,  above  the  945  feet 
contour,  is  1,400  acres. 

There  is  less  detrital  matter  reposing  on  the  hard  rocks 
than  in  Piethom,  and  of  a  coarser  character. 

The  hills  rise  to  an  elevation  of  more  than  1,500  feet,  and 
the  valleys  are  narrow  and  tortuous,  with  slopes  tolerably 
steep,  and  mostly  protected  with  a  covering  of  scanty  vegeta- 
tion. 

Trees  hav^  adorned  them  in  the  past  at  no  distant  date,  as 
trunks  and  rootlets  have  been  found  embedded  in  the  softer 
matrix  spread  over  a  wide  area.  Scores  of  stems  and  rootlets 
of  the  birch  and  hazel  have  been  found  in  the  clay  at 
Readycondean,  at  an  elevation  of  1,268  feet  above  the  sea 
level. 

Hitherto  I  have  dealt  mainly  with  the  physical  features  of 
the  districts,  and  will  now,  for  a  short  time,  direct  your 
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attention  to  the  stratigraphy  of  the  neighbourhood,  which  is 
very  interesting. 

There  are  few  places  in  Lancashire  where  the  Gannister 
beds  can  be  examined  to  greater  advantage  than  in  the 
neighbourhood  of  Piethom.  All  the  lower  coal  seams,  five 
in  number,  crop  out  in  Helpit  Edge,  within  a  radius  of  half- 
armile,  and  it  would  repay  the  young  student  in  geology  to 
spend  a  short  holiday  in  the  district  to  look  them  up  and 
study  their  bearings. 

The  diagram,  which  I  have  drawn  to  scale  firom  Professor 
Hull's  **  Geological  Survey  of  the  Country  around  Oldham," 
shews  their  stratigraphical  order.  I  have  not  checked  them 
with  my  own  level,  but  I  believe  them  to  be  fairly 
accurate. 

The  beds  yield  many  fossils  to  the  collector,  especially 
OoniatUes  and  Avicula-PecteTis,  which  may  be  found 
in  the  shales,  and  in  a  nodular  form. 

A  good  section  of  the  Helpit  Edge  rock  is  seen  in  the 
roadway  about  700  yards  from  New  Hey  station,  up  above 
which  the  40  yards'  mine  exists ;  but  I  am  not  aware  whether 
this  coal  seam  is  worked  in  the  district  or  not  at  the  present 
time. 

The  rock  is  flaggy  and  siliceous,  and  makes  good  setts  for 
the  road,  for  which  it  is  extensively  used.  It  forms  the 
escarpment  of  Brushes  Clough,  Beasom  Hill,  and  Helpit 
Edge,  whence  its  name  is  derived. 

Below  the  Helpit  Edge  rock  lies  the  Woodhead  Hill  rock, 
which  first  appears  in  Wicken  Hall  Clough,  and  forms  the 
floor  of  the  Lower  Yard  mine,  which  may  be  seen  near  to  a 
sycamore  tree  at  the  top  end,  before  the  stream  is  crossed  by 
the  turnpike  road.  The  puddle  trench  of  the  Ogden  embank- 
ment is  tied  into  this  rock,  which  is  the  last  of  the  Gannister 
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series,  and  forms  the  crest  of  Ogden  Edge,  Bowstead  Edge, 
High  Moor,  Saddleworth,  and  Ridge  Hill,  Stalybridge. 

Lithologically  there  is  not  much  diflference  between  the 
Helpit  Edge  and  Woodhead  Hill  rocks.  They  are  flaggy  and 
fissile,  and  neither  forms  an  attractive  building  stone ;  but, 
on  reaching  High  Moor,  a  change  ensues,  and  a  good  grey 
stone  is  produced,  lasting  in  colour,  and  capable  of  a  good 
polish. 

In  a  walk  of  a  mile  and  a  quarter  all  the  Lower  Coal 
Measure  deposits  from  the  40  yards'  mine  to  the  Rough  Rock, 
may  be  examined  and  studied.  They  appear  in  the  streams, 
in  hillside  escarpments,  and  in  road  sections.  To  examine 
them  in  situ  is  to  know  them  once  and  for  a  lifetime. 

A  beautiful  section  of  the  Mountain  Mine,  with  its  under- 
seating,  was  exposed  at  the  time  of  the  Societjr's  visit  last 
summer. 

I  leave  these  interesting  deposits  with  reluctance  to  enter 
on  the  Upper  Millstone  Grits,  which  first  appear  in  a  quarry 
opposite  to  the  Piethom  embankment,  and  from  which  most 
of  the  ashlar  for  the  waterworks  in  the  valley  has  been  got. 
It  is  a  durable  building  stone,  and  works  up  very  well ;  but 
it  does  not  keep  its  colour  owing  to  mica  and  iron  stains 
entering  into  its  composition  in  appreciable  quantities. 

Large  concretionary  nodules,  of  various  shapes,  are 
numerous  in  the  beds,  and  are  a  source  of  loss  to  the  quarry- 
man,  and  worthless  except  for  the  commonest  purposes,  and 
require  much  time  and  labour  to  break  them  up.  This 
drawback,  however,  is,  to  some  extent,  compensated  for  by 
the  excellent  quality  of  the  rock  surrounding  ihem.  How 
they  originated  I  am  not  prepared  to  say,  but  their  affinity 
for  ferruginous  matter  was  very  great,  as  the  iron  in  the 
surrounding  matrix  was  attracted  by  them. 
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The  second  and  third  grits  of  the  Millstone  series  lie  mostly 
buried  under  the  valley  alluvium,  and  will  have  to  be 
searched  for  in  the  brook  courses  to  be  seen.  The  second 
grits  and  shales  were  met  with  in  driving  Piethom  tunnel, 
which  discharges  the  water  from  Denshaw  into  Hanging  Lees 
reservoir,  884  feet  above  the  sea  level. 

In  executing  this  work,  one  or  more  seams  of  coal  were 
met  with,  probably  an  expansion  of  the  seam  found  at 
Mossley  and  Mottram.  This  seam  has  also  been  worked 
in  a  shaft  on  the  roadside  near  to  Martin  Mill,  Denshaw,  but 
it  proved  a  loss  to  the  spirited  proprietor,  who  was  obliged  to 
give  it  up  after  doing  little  besides  finding  coal  which  did  not 
pay  to  work. 

In  passing  over  the  outcropping  beds  of  the  millstones  on 
the  way  to  Denshaw,  a  good  example  of  a  local  landslip,  about 
20  acres  in  extent,  may  be  seen  at  a  farm  called  Knowsly. 

The  house  and  buildings  stand  upon  the  crest  of  the  slip, 
which  has  sloughed  off  the  Woodhead  Hill  rock,  and  left  a 
bold  escarpment  behind  which  gives  a  wild  appearance  to  the 
scenery. 

Since  the  buildings  were  put  up,  more  than  a  himdred 
years  ago,  there  does  not  appear  to  have  been  any  movement 
of  the  ground.  On  a  clear  day  the  view  from  here  is  charm- 
ing, the  distant  hills  in  the  south-west  being  visible  for  at 
least  thirty  miles.  The  intervening  valleys  help  to  bring  out 
the  bold  outlines  of  the  hills  all  the  better,  and  the  morning 
mists  and  evening  shadows  lend  enchantment  to  the  scenery, 
on  which  the  eye  never  tires  to  gaze. 

We  now  leap  over  the  second  and  third  grits  to  Denshaw, 
where  the  latter,  I  believe,  forms  the  base  of  New  Year's 
Bridge  embankment,  also  the  quarry  on  the  new  road  close 
by,  sections  of  which  are  shown  in  the  diagrams  submitted  for 
your  inspection. 
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There  is  one  structural  feature  worth  notice  in  this  rock, 
viz.,  the  great  number  of  shaley  potr-holes,  which  I  have 
endeavoured  to  show  as  naturally  as  possible,  also  a  small 
feult  on  the  south-westerly  side  of  the  valley,  which  I  never 
failed  to  examine  with  interest  during  the  time  the  work  was 
in  progress* 

This  rock  forms  the  base  of  the  valley  as  far  as  Readycon- 
dean,  where  it  is  lost  under  the  hill  on  both  sides* 

At  Rag  Hole,  about  quarter  of  a  mile  from  Dowry  Ssurm, 
the  Kinder  Scout  Grits  and  the  Yoredale  shales  appear.  These 
grits  form  the  base  of  the  Saddleworth  hills  for  miles,  and 
give  to  that  district  it«  bold  outlines  and  rugged  appearance* 
You  see  them  winding  into  Diggle,  Greenfield  and  Chew 
valleys,  bringing  out  the  features  of  the  parish,  which  con- 
tains 22,400  acres. 

The  bold  headland  of  Boardhill  Brow,  or  Alderman's  Hill, 
with  its  renowned  fairy  holes,  and  pots  and  pans,  are  pro- 
minent land  marks. 

The  fairy  holes  are  clifbs  in  the  rock,  formed  by  a  landslip 
which  occurred  in  the  remote  past,  when  the  Greenfield  brook 
was  from  fifty  to  sixty  feet  deeper  than  at  present.  The  grits 
have  slid  on  the  shale  forming  the  base  of  this  promontory, 
and  filled  the  narrow  part  of  the  valley  with  huge  blocks, 
which  subsequently  had  their  interstices  occupied  with 
detrital  matter  brought  down  from  the  hills  by  the  waters 
of  the  stream,  which  have  shaped  the  present  outlines  of 
these  upland  valleys. 

This  geological  information  was  brought  to  light  by  the 
excavations  for  the  puddle  trench  of  Yeoman  Hey  reservoir, 
recently  constructed  by  the  Joint  Waterworks  Committee  of 
Ashton-under-Line  and  district.  The  trench  had  to  be  sunk 
to  a  depth  of  80  feet  before  strata  sufficiently  impervious  to 
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water  under  great  pressure  were  arrived  at,  and  in  sinking 
mixed  debris  was  met  with  till  the  ancient  bed  of  the  stream 
and  solid  strata  were  reached  80  feet  deeper  than  the  present 
leveL 

The  Fairy  Holes  have  not  been  formed,  like  caves  and 
swallow  holes  in  limestone  deposits,  by  the  action  of  water, 
as  there  is  no  drainage  at  the  surface  to  supply  the  water 
requisite  to  erode  cliffs  several  hundred  feet  long,  and  many 
yards  wide.  Indeed,  there  is  no  natural  outlet  for  a  free 
supply  of  water  admitted  at  the  surface,  and  to  create  friction 
and  scouring  there  must  be  rapid  forward  flow  of  the 
water. 

The  Fairy  Holes  are  outside  the  districts  mentioned  at  the 
heading  ofthis  communication,  but  they  can  be  seen  from  Broad- 
head  Noddle.  I  introduce  the  subject  that  an  expression  of 
opinion  may  go  forth  from  the  Manchester  Geological  Society 
as  to  the  cause  of  these  chasms  respecting  which  many 
opinions  have  been  expressed  by  gentlemen  of  other  scientific 
societies,  with  which  I  do  not  agree,  believing  that  a  solution 
to  this  debatable  question  must  be  looked  for  in  the  direction 
I  have  indicated. 

The  Kinder  grits  form  a  well-defined  termination  of  the 
Millstone  Grit  series  in  this  part  of  the  country.  They  wind 
gloomily  round  all  the  valleys  in  Saddleworth,  and  top  some 
of  the  neighbouring  hills  in  Lancashire  with  a  dark  grey 
head,  which  is  retreating  backwards  on  the  demands  of  time 
and  atmospheric  agencies. 

All  the  minor  hills  and  buttresses  are  rounded  off  and  keep 
silent  watch  over  the  vales  below.  Smiling  hedgerows  give 
place  to  black  bare  walls,  and  the  heather  blooms  where  trees 
were  wont  to  grow  at  no  distant  date.  In  course  of  time  the 
roots  are  laid  bare  by  the  removal  of  the  earthy  covering, 
thus  depriving  the  tree  of  its  support,  but  more  generally  it 
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brings  about  its  own  destruction  by  preventing  evaporation, 
the  increased  dampness  at  the  roots  being  sufficient  to  kill 
the  plant. 

Trees  can  live  only  a  natural  life,  and  when  their  full  growth 
is  attained  they  begin  to  decline  like  animals. 

Truly  they  are  "  earth  bom,"  but  in  growing  they  "  weave 
the  threads  of  doom,"  and  cannot  shift  when  the  environment 
changes. 


The  discusBum  of  the  President's  address  and  Mr.  Watts' 
paper  was  postponed  to  a  future  meeting. 


TRANSACTIONS 

OF  THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  III.  Vol.  XIX.  Session  1886-7. 

The  Ordinary  Meeting  of  the  Members  was  held 
on  Tuesday,  December  7th,  1886,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

The  President,  Professor  W.  Boyd  Dawkins,  M.A.,  F.R.8., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  imani- 
mously  elected  Ordinary  members  of  the  Society,  namely : — 

Mr.  Harry  Speakman,  Bedford  Collieries,  Leigh. 

Mr.  Robert  Law,  F.G.S.,  1 1,  Cromwell  Terrace,  Halifax. 


The  President  said,  before  the  business  on  the  circular 
was  proceeded  with,  he  wished  to  make  a  brief  communication 
to  the  meeting.  There  had  been  received  from  the  British 
Association  a  circular  calling  the  attention  of  the  members 
of  the  Society  to  the  committees  which  are  collecting  informa- 
tion on  various  subjects ;  and  the  two  subjects  which  more 
particularly    concerned    them    were    the     circulation    of 
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underground  waters,  and  underground  temperature.  The 
committee  on  underground  waters  had  been  at  work  for  a 
good  many  years.  If  there  were  any  members  of  the 
Society  who  cared  to  aid  either  of  those  committees,  in  the 
way  of  making  observations,  or  otherwise,  they  would  lind 
the  necessary  papers  in  the  hands  of  the  Honorary  Secretaries. 
The  question  of  underground  temperature  was  one,  of  course, 
which  very  nearly  touched  those  who  were  interested  in 
deep  mines,  and  it  might  be  that  some  members  would 
desire  to  make  observations  which  would  be  of  use  to  the 
British  Association. 


NOTES  ON  OUTBURSTS   OF  GAS  IN  THE  MINES 

AT  THE   CLIFTON,   KERSLEY,   AND 

NEWTOWN   COLLIERIES. 

By  Mr.  Herbert  A.  Woodward,  M.E. 


Having  heard  the  opinion  expressed  by  mining  experts, 
that  no  such  thing  as  outbursts  of  gas  in  mines  ever  take 
place,  and  having  seen  in  the  mining  and  other  papers 
correspondence  expressing  doubts  on  the  subject,  must  be 
my  apology  for  bringing  before  you  a  statement  of  facts  in 
connection  therewith,  which  have  come  under  my  own 
personal  observation  at  the  above  collieries. 

I  propose  to  put  these  observations  before  you  in  as  concise 
and  clear  a  form  as  possible,  without  note  or  comment. 

I  shall  take  the  mines  in  the  order  of  their  position, 
commencing  at  the  deepest  mine,  viz.,  the  Cannel  Mine, 
which,  at  the  point  where  the  outbursts  occurred,  lies  at  a 
depth  of  400  yards  from  the  surface,  and  at  an  average 
inclination  of  16  degrees,  or  1  in  3| ;    the  average  line  of 
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level  being  55  degrees  magnetic  N.W.  and  8.E.,  and  the  rise 
and  dip  35  degrees  N.E.  and  S.W. 

A  large  field  of  coal  to  the  deep  of  the  shafts  was  being 
opened  out  by  engine  planes  and  levels  as  shown  on  the 
plan,  and  there  were  no  old  workings  where  gas  could  be 
pent  up.  the  nearest  old  workings  being  500  yards  to  the 
rise. 

Outburst  No.  1. 

Was  in  a  rise  place,  10  yards  wide  and  40  yards  upbrow ; 
with  a  pack  wall  in  the  centre,  4  yards  wide  ;  an  air  road 
down  one  side,  3  yards  wide;  and  drawing  road  down  the 
other,  3  yards  wide ;  giving  160  square  yards  covered  by 
pack  wall,  and  240  yards  exposed  in  the  drawing  and  airway. 

The  men  working  in  the  bay  said  : — We  thought  the  bay 
was  on  the  weight,  as  we  heard  a  noise  resembling  weighting, 
and  were  alarmed ;  the  props  began  to  break  (there  were 
over  100  in  the  bay) ;  suddenly  gas  began  to  fire  in  our 
lamps,  and  we  went  out  with  the  return  air  about  50  yards, 
and  then  through  doors  into  the  intake  level,  and  from  there 
to  the  engine  plane,  and  after  reporting  to  the  fireman  in 
charge,  went  out  of  the  pit. 

On  examination,  it  was  found  that  nearly  all  the  props  in 
the  bay  were  broken,  and  that  the  pack  wall  had  sunk  3in. 
from  the  roof,  and  it  had  to  be  packed  with  straw  to  take 
the  air  to  the  face  till  such  time  as  it  could  be  plastered  and 
made  air-tight.  The  quantity  of  air  passing  was  4,275 
cubic  feet  per  minute,  and  the  area  of  the  air  road  45  square 
feet,  giving  a  velocity  of  95  lineal  feet  per  minute. 

The  much-abused  Clanny  Lamp  was  in  use,  but  the  men 
retired  with  the  air  current  and  not  against  it. 

I  personally  examined  this  place  some  hours  afterwards, 
but  could  not  find  a  trace  of  gas. 
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The  outburst  came  from  the  floor,  as  the  spaces,  not 
ocvered  by  the  pack  wall,  were  lifted  up,  and  the  pack  wall 
had  sunk. 

The  gas  must  have  been  holding  up  the  floor  and  the  pack 
wall  as  well  under  considerable  pressure,  and  as  soon  as  a 
sufficient  area  of  floor  had  been  exposed,  the  gas  burst  it  up, 
and  the  weight  of  the  pack  wall  forced  it  out  at  each  side  of 
the  exposed  floor  like  a  pair  of  bellows. 

The  weight  of  the  pack  wall  woidd  be  about  1|  tons  per 
square  yard,  built  of  dirt  and  inferior  coal  from  the  middle 
of  the  mine,  and  taking  the  area  of  the  wall  at  160  square 
yards,  the  weight  would  be  at  least  180  tons.  Of  course  this 
is  not  a  large  pressure  per  square  inch,  amoimting  to  a  little 
over  21bs.  per  square  inch;  from  the  dead  weight  of  the  pack 
alone  the  weight  of  the  floor  has  to  be  taken  into  account  as 
well,  and  is  an  unknown  quantity. 

Underlying  this  floor,  at  a  depth  of  from  2  to  3  feet,  is  a 
seam  of  coal  about  lOin.  thick,  and  we  now  sink  holes  as  the 
narrow  places  are  driven  to  let  off  the  gas. 

I  may  add  that  this  bay  was  driven  120  yards  afterwards, 
and  that  no  further  outburst  took  place. 

Outburst  No.  2. 

In  the  same  mine,  200  yards  further  to  the  east,  some  men 
were  working  in  a  level  4  yards  wide  ;  they  said  they  heard 
a  noise  like  thunder,  and  were  retiring  from  the  face  towards 
the  intake  end  of  the  brattice,  when  a  portion  of  the  roof 
was  blown  down,  and  gas  fired  in  their  lamps,  they  came  out 
through  it  against  the  intake,  and  went  out  of  the  pit.  Gas 
continued  to  come  off  strongly  for  13  days,  the  air  passing 
registered  5,700  feet  per  minute,  and  the  area  of  airway  45 
square  feet,  giving  a  velocity  of  over  126  feet  per  minute. 

The  Clanny  Lamp  in  use. 
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Outburst  No.  3. 

After  driving  this  level  forward  38  yards,  another  outburst 
took  place  (in  the  night),  similar  to  the  one  before  described. 
The  men  were  afraid,  and  remained  at  the  face,  as  they 
thought  the  whole  level  was  coming  in.  (The  level  was 
bratticed  past  the  last  cut  through.)  Gas  fired  in  their 
lamps,  which  they  put  out,  and  then  came  out. 

'  The  roof  was  blown  down  almost  like  a  staple  pit,  and  gas 
came  off  for  7  days  afterwards,  and  then  ceased.  The 
Clanny  Lamp  was  in  use,  and  the  air  current  had  a  little  less 
Telocity  than  in  the  preceding  case,  t.^.,  was  reduced  to  118 
feet  per  minute. 

The  roof  is  a  strong  micaceous  sand  stone,  mixed  with 
bands  of  blue  metal  and  iron  stone  nodules.  The  appearance 
of  the  two  places  brought  down  in  the  levels  by  the  outburst 
is  that  of  a  pit,  which  was  being  sunk  upwards.  You  may 
say  this  is  a  misnomer,  but  the  sections  on  level  and  rise 
and  dip  will  give  a  clearer  idea  to  experts  than  any  written 
description. 

In  the  second  case  there  were  no  open  fissures  visible ;  in 
the  third  there  were  three  open  fissures,  ^in.  wide,  running 
into  the  deep. 

At  a  distance  of  16  to  18  yards  above  this  mine,  there  is  a 
small  seam  of  coal,  18in.  thick,  and  I  am  of  opinion  that  the 
gas  came  from  the  overlying  mine. 

Outburst  in  Doe  Mine,  No.  4. 

This  mine  is,  at  the  point  shown  on  the  plan,  270  yards 
from  the  surface,  and  the  inclination  and  run  of  level  the 
same  as  in  the  Cannel  Mine. 

An  outburst  of  gas  from  this  mine  took  place  in,  what  is 
locally  called,  a  dirt  bay,  on  an  east  side  level  out  of  an 
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engine  plane  to  the  deep  at  8  a.m.,  and  ceased  at  12  a.ni.  the 
same  day.  A  strong  smell  of  sulphuretted  hydrogen  came 
off  with  the  gas,  but  no  water. 

The  gas  fired  in  the  waggoners'  lamps  as  they  were  coming 
out  with  their  waggons  from  the  far  end  working  places 
200  yards  away  from  the  dirt  bay,  and  all  the  men  on  the 
level  came  out  hurriedly,  leaving  their  clothes,  &c.,  behind 
them,  and  went  up  the  shaft.  (Some  of  them  came  next 
day  and  asked  that  their  clothes  and  watches  should  be  sent 
out,  such  was  their  terror.) 

The  other  men  in  this  district  were  at  once  sent  out  by 
the  firemen. 

The  gas  would  fire  in  the  return  400  yards  from  the  point 
of  outburst,  but  the  air  passed  into  the  upcast  by  a  dumb 
drift,  and  there  was  no  occasion  to  fear  an  explosion  from 
firing  at  the  furnaces. 

The  quantity  of  air  passing  on  this  level  was  8,050  cubic 
feet  per  minute  ;  the  average  size  being  54  feet  area,  which 
gives  a  velocity  of  148  feet  per  minute. 

Davy  and  Clanny  Lamps  were  used,  and  it  is  probable 
that  the  men  running  out  against  the  air  current,  and  in  a 
complete  state  of  panic,  doubled  the  velocity. 

The  dirt  bay,  from  which  this  outburst  took  place,  was 
driven  to  the  deep  of  the  level  in  1876,  and  was  filled  solid 
with  dirt,  except  a  small  space  near  the  waggon  road  left 
for  ventilation,  and  had  a  superficial  area  of  420  square 
yards — 400  of  which  would  be  packed  tight.  In  1879 
another  bav  was  driven  on  the  east  or  far  end  side  of  this 
bay,  with  the  same  length  to  the  deep,  and  an  area  of  280 
superficial  yards,  and  then  filled  up  solid,  except  a  small 
space  left  open  for  ventilation  near  the  waggon  road  pillar, 
and  which  the  plan  and  section  will  explain  more  fully. 
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Probably,  the  getting  of  the  second  bay  (in  spite  of 
packing)  weakened  the  roof,  and  allowed  it  to  bag,  making 
a  pocket  *in  which  gas  gradually  accumulated  sufficient 
pressure  to  burst  down  the  roof,  and  let  off  a  body  of  gas 
at  considerable  pressure. 

On  examining  this  place  next  day,  gas  was  coming  off, 
but  only  to  a  very  small  extent,  and  it  would  fire  in  the 
lamp  intermittently.  Four  days  after,  no  gas  was  to  be 
seen  issuing,  nor  has  any  been  seen  since. 

There  were  very  small  fissures  in  the  roof  from  which  the 
gas  came,  and  there  is  no  overlying  seam  at  this  colliery, 
except  one  at  54  yards  above,  which  is  not  a  fiery  seam. 

There  were  no  old  workings  within  himdreds  of  yards, 
except  some  to  the  rise  at  a  distance  of  300  yards.  The 
whole  of  these  workings  were  in  solid  coal,  and,  as  a  rule, 
light  carburetted  hydrogen  does  not  go  down  hill  except 
under  compulsion. 

I  could  add  several  instances  of  strong  blowers  of  gas 
which  have  been  met  with  in  the  Cannel  Mine,  and,  after  a 
period  of  seven  years,  are  still  giving  off  gas  so  strongly 
from  the  floor  that  it  has  to  be  piped  directly  into  the  return 
airway.  Also  from  the  rock  roof  of  the  Trencherbone 
Mine  (the  Wigan,  6  feet  or  9  feet),  these  are  not  outbursts, 
but  may  lead  to  them  unless  care  is  exercised,  and  even  then 
they  may  come  in  spite  of  all  precautions. 

When,  in  the  same  mine,  you  are  subject  to  outbursts  of 
gas  from  both  roof  and  floor,  it  adds  to  the  difficulties  of 
working  the  mine.  You  may  take  precautions  against 
outbursts  from  the  roof  by  boring  holes,  but  it  may  come 
from  the  floor,  if  you  have  not  bored  there. 

History  always  repeats  itself ;  it  is  always  the  imexpected 
which  happens,  and  which  is  most  difficult  to  guard  against. 
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The  President  said  they  had  all  listened  with  the  greatest 
interest  to  the  admirable  paper  given  them  by  Mr. 
Woodward,  and  he  was  sure  the  members  would  heartily 
join  in  presenting  the  thanks  of  the  Society  to  him.  The  paper 
contained  many  points  of  genuine  interest,  and  he  knew 
there  were  many  gentlemen  in  the  room  who  would  have 
something  to  say  upon  it. 

Mr.  Wild  said  it  could  not  be  too  widely  known  that 
outbursts  of  gas  did  occur  in  mines,  although,  as  Mr. 
Woodward  told  them  at  the  outset,  many  people  did  not 
believe  in  them,  but  treated  them  as  mere  dislodgments 
from  the  goaf  or  some  unventilated  place.  Of  course  they 
had  blowers  which  had  broken  the  shale  down,  and  had 
continued  to  give  off  gas  for  some  considerable  time ;  but 
outbursts  which  made  a  rent  in  the  floor  or  roof  of  a  mine 
were  more  serious,  and  were  more  common  than  most  people 
supposed.  If  he  were  to  describe  some  outbursts  which  had 
occurred  in  his  own  experience  he  should  but  repeat  the 
story  so  ably  told  by  Mr.  Woodward.  He  had  known  five 
instances  in  the  mine  in  which  he  was  concerned  at  Bardsley ; 
and  the  memoranda  he  had  preserved  respecting  these 
coincided  precisely  with  a  report  made  by  Mr.  Peter  Higson 
in  the  year  1859.  There  was  the  same  vitiation  of  the 
atmosphere,  which  became  highly  explosive,  and  in  one 
instance  remained  so  for  45  minutes,  over  a  space  of  some 
500  or  600  yards,  the  air  travelling  at  the  rate  of  about 
1,000  feet  per  minute.  The  fireman  in  that  case  ascended 
by  the  upcast  shaft,  and  the  gas  fired  in  his  lamp.  A 
subsequent  examination  of  the  mine  showed  that  the  roof 
had  not  fallen,  but  props  were  broken,  and  the  floor  had 
lifted.  There  was,  however,  no  rent  in  the  floor,  only  a 
puffing  up.  There  was  an  outburst  subsequently  which 
rent  the  floor  for  about  16  yards  ;  and  18  months  afterwards, 
when  they  left  the  place,  gas  was  still  being  given  ofE,  from 
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tliat  rent.  That  outburst  took  place  in  the  interval  between 
two  shifts,  and  it  resulted  in  an  explosion,  causing  one  death. 
It  was  evident  that  the  reliance  still  placed  in  the  Davy 
lamp  in  some  places  might  lead  to  serious  mischief  if  the 
iact  were  not  widely  known  that  sudden  outbursts  of  gas 
were  liable  to  occur. 

Mr.  CocKSON  (Wigan)  said  that  his  own  experience  in  the 
Wigaii  district  fuUy  coincided  with  that  of  Mr.  Woodward 
and  Mr.  Wild.  He  had  been  underground  at  the  time  when 
outbursts  had  taken  place,  or  shortly  after,  and  was  able 
to  say  that  what  he  had  seen  were  clearly  and  decidedly 
outbursts,  and  not  simply  blowers,  of  gas.  Such  outbursts 
had  occurred  in  his  experience  in  three  different  and 
distinct  seams  in  the  Wigan  coal  field.  Those  in  which 
he  had  actually  known  them  to  occur  were  the  Arley  mine, 
the  Haigh  yard  mine,  and  in  the  Pemberton  2  feet ;  so 
that,  in  his  own  limited  experience,  he  could  speak  of  five 
serious  outbursts  of  gas  in  which  either  a  distinct  rent  in 
the  strata  had  taken  place,  or  the  floor  had  lifted,  or  the 
roof  forced  violently  down,  and  a  large  quantity  of  gas  had 
been  given  off.  With  regard  to  one  of  the  outbursts  in  the 
Arley  mine,  which  occurred  at  a  colliery  in  Mr.  Dickinson's 
district,  the  mine  was  560  yards  deep,  and  the  outburst  there 
occurred  in  a  strait  place  in  the  solid  coal.  There  were  no 
workings  near.  The  outburst  took  place  from  the  floor; 
the  strata  near  the  face,  and  for  some  yards  back  from  the 
face,  were  lifted  about  eighteen  inches,  and  the  rift  in  the 
floor,  up  against  the  coal  side,  was  as  clear  as  if  it  had  been 
cut  with  a  knife.  At  the  same  time  water  was  given  off, 
and  sulphuretted  hydrogen  gas  also  was  given  off  with  the 
fire-damp  for  some  days.  Such  outbursts  having  occurred  in 
his  own  experience  it  was  of  course  possible  for  them  to  occur 
elsewhere ;  and  they  must  be  taken  as  factors  in  their  work, 
and  factors  which  it  was  impossible  for  them  to  disregard. 

6a 
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Mr.  Stirrup  asked  with  regard  to  the  gas,  which  was 
given  ofiP  in  the  manner  described,  whether  there  was  any 
possibility  of  utilising  it  for  heating  or  lighting  purposes. 

Mr.  Woodward  replied  that,  occasionally,  blowers  were 
used  for  lighting,  but  the  lighting  quality  of  the  gas  was  so 
small,  owing  to  the  admixture  of  carbonic  acid  and  other 
impurities,  that  it  was  of  comparatively  little  service. 

Mr.  Stirrup  said  he  asked  the  question  principally  for 
the  reason  that  Mr.  Einahan,  an  honorary  member  of  the 
Society,  had  within  the  last  few  days  sent  him  a  paper — 
which  would  be  read  at  a  future  meeting — on  the  gases 
given  off  in  the  coal  measures.  Mr.  Einahan  drew  attention 
to  what  was  being  done  in  America,  and  he  put  it  as  a 
question  to  coal  owners  in  the  Lancashire  district,  and 
other  parts  of  England,  whether  it  was  not  possible  to 
utilise  that  gas  in  some  manner. 

Mr.  Dickinson  said  there  were  cases  of  the  gas  being 
utilised  at  the  time  it  was  given  off:  for  instance  at  the 
Holme  House  Colliery,  near  Wigan,  where  they  had  all  their 
workshops  lighted  for  some  time,  until  the  pressure  of  gas 
got  so  weak  it  had  to  be  discontinued.  Its  illuminating 
quality  was  inferior.  At  Ladyshore  also  they  had  the 
mouthing  lighted  up  with  gas  from  below  until  the  feeder 
went  off ;  and  at  the  Outwood  Colliery,  in  addition  to 
lighting  the  mouthing,  the  gas  was  burned  on  the  surface. 
At  West  Leigh  also  he  had  known  it  to  be  utilised  ;  in  fact 
it  was  not  uncommon  to  utilise  it,  so  long  as  the  feeder 
lasted. 

The  President  said  that  in  the  United  States,  as  had 
been  mentioned,  great  use  had  been  made  of  the  natural  gas 
which  was  found  stored  up  in  fissures  of  the  rocks.  For 
instance,  at  Pittsburg,  which  till  recently  was  overhung 
with  smoke  like  Wigan,  the  atmosphere  was  now  as  bright 
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and  clear  as  on  any  mountain  top.  The  secret  of  this  was, 
that  instead  of  using  coal  in  their  furnaces  and  for  house- 
hold purposes,  they  now  used  the  gsis  which  was  found 
stored  in  enormous  quantities  in  the  sandstones  in  the 
district.  The  result  on  Pittsburg  was  very  curious. 
Apparently  the  people  had  so  long  been  accustomed  to 
black,  that  they  were  now  painting  the  whole  place  white. 
But  Pittsburg  did  not  stand  alone  in  the  utilisation  of 
natural  gas  for  fuel.  Only  the  previous  day  {The  London 
Gruardian,  1st  Dec.,  1886,  p.  1813,)  he  read  a  very  interesting 
account  of  the  lighting  of  a  place  called  Frankb'n,  in 
Pennsylvania.  It  appeared  that  an  Englishman,  Mr. 
Speechley,  who  was  of  an  inquiring  turn  of  mind,  set  to 
work  there  boring;  and  he  bored  a  hole  six  inches  wide 
to  a  considerable  depth  till  he  struck  a  bed  of  sandstone, 
at  a  depth  of  2,200  feet.  This  was  apparently  as 
highly  charged  with  gas  as  any  of  the  beds  in  the 
Pennsylvania  oil  district  were  charged  with  oil.  The  gas 
rushed  up  the  bore-hole  at  an  enormous  pressure,  driving 
the  boring  tool  high  into  the  air,  the  pressure  at  the  surface* 
was  600  lbs.  to  the  square  inch.  The  gas  at  the  present 
time  was  being  utilised,  though  the  pressure,  as  might 
naturally  be  expected,  had  rapidly  diminished.  At  the 
present  time  it  was  only  about  250  lbs.  to  the  square  inch. 
He  mentioned  these  cases  because  really  they  bore  upon  the 
general  question  of  blowers  and  outbursts  of  gas.  He  fully 
believed  that  wherever  there  was  space  in  the  rocks  for  gas 
to  accumulate,  there  it  did  accumulate.  He  was  aware, 
however,  that  the  gas  met  with  in  our  coal  mines  was 
light  carburetted  hydrogen,  with  a  good  deal  of  water 
in  it,  and  that  consequently  its  illuminating  power  was 
very  small.  With  regard  to  the  general  question  of  the 
accumulation  of  gas  in  fissures,  he  might  mention  an 
instance  of  another  kind  of  gas  being  met  with  which  was 
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really  very  remarkable.  During  the  past  summer  he  was 
at  the  bottom  of  the  great  Foxdale  Mine,  in  the  Isle  of  Man; 
it  was  a  mine  which  yielded  lead  ore  and  other  associated 
minerals  in  the  solid  granite.  Down  towards  the  bottom  of 
the  mine  there  was  a  place  where  enormous  quantities  of 
carbonic  acid  were  given  off.  The  gas  was  in  such  force 
that  it  made  a  hissing  noise ;  they  could  hear  it  close  to 
the  face  of  the  rock,  and  it  was  in  such  quantity  that  a 
special  arrangement  of  pipes  was  required  for  drawing  it  off 
before  it  had  time  to  mix  with  the  atmosphere  of  the  mine. 
He  had  listened  with  very  great  interest  to  the  able  paper 
by  Mr.  Woodward ;  and  he  could  not,  for  one,  understand 
how  any  reasonable  man  having  anything  to  do  with  coal 
mining  could  deny  the  occurrence  of  outbursts  of  gas  in 
mines. 

Mr.  Dickinson  said  Mr.  Woodward  was  quite  right 
in  saying  that  the  occurrence  of  outbursts  was  denied  by 
people  who  had  not  had  experience  of  them.  He  (Mr. 
Dickinson)  of  his  own  knowledge  knew  of  many,  including 
one,  which  Mr.  Woodward  might  have  added  to  those  he 
has  given.  The  President  had  made  a  statement  with  regard 
to  carbonic  acid  gas  issuing  from  the  rock  in  a  lead  mine, 
which  was  certainly  most  remarkable.  He  (Mr.  Dickinson) 
never  heard  of  a  case  of  carbonic  acid  issuing  with  a 
fizzing  noise ;  it  was  a  most  unusual  circumstance. 

The  President  :  Quite  so. 

Mr.  Dickinson  said  that  never  in  the  course  of  his 
experience  had  he  met  with  such  a  thing.  Carbonic  acid 
gas  was  given  off  silently,  and  he  should  like  to  be  satisfied 
that  what  the  President  heard  coming  off  was  really  car- 
bonic acid  gas.  There  was  a  case  reported  from  one  of 
the  German  mines  where  they  said  there  was  a  sudden 
outburst  of  carbonic  acid  gas ;  but  they  had  been  firing 
some  large  charge  of  dynamite  shortly  before,  and  he  could 
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never  get  his  mind  dispossessed  of  the 'belief  that  the 
appearances  observed  were  due  to  the  dynamite. 

The  President  said,  with  regard  to  the  particular  case 
to  which  he  alluded,  it  was  a  new  working,  and  the  manager 
(Captain  Kitto)  pointed  it  out  to  him.  As  to  its  being 
carbonic  acid  gas  there  could  not  be  the  shadow  of  a  doubt, 
because  it  would  put  out  the  candles.  He  (the  President) 
had  never  seen  carbonic  acid  gas  issuing  from  any  mine 
before  in  that  way. 

Mr.  Dickinson  :  It  is  not  unusual  to  see  the  gas  issue 
out  of  old  workings,  like  water,  but  it  issued  silently. 

The  President  said  he  was  at  some  pains  to  find  out  the 
exact  position  of  the  fissures  out  of  which  the  gas  was 
issuing.  They  were  exactly  on  the  face  of  the  granite — 
just  where  the  lead  vein  joined  the  face  of  the  rock.  It 
was  a  most  puzzling  thing  how  the  carbonic  acid  got  there ; 
but  there  it  was — there  was  no  doubt  about  that. 

Mr.  Dickinson  said  it  sometimes  happened  when  a  mine 
was  badly  ventilated,  that  the  bad  state  of  the  atmosphere 
was  attributed  to  the  sudden  issue  of  carbonic  acid  gas, 
when  there  was  no  such  thing  taking  place. 

Mr.  McAdoo  said  the  subject  was  one  upon  which  he 
might  relate  a  little  of  his  experience  in  Scotland.  In 
one  instance  gas  was  given  off  in  a  sinking  pit  with  a 
fizzing  sound,  and  several  workmen  refused  to  go  down 
because,  as  they  said,  the  atmosphere  was  charged  with 
carbonic  acid,  or,  as  they  called  it,  "  damp."  The  manager 
did  not  believe  their  story,  and  went  down  himself  with  two 
sinkers,  and  they  had  to  be  brought  back.  Gas  was  cer- 
tainly fizzing  out  of  the  rock,  but  it  was  carbonic  oxide, 
not  carbonic  acid,  for  the  candles  burned  with  an  increased 
flame.     He  (the  speaker)  had  several  times   seen  carbonic 
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acid  given  off  in  mines.  With  regard  to  the  paper  he  might 
say  that  he  was  one  of  those  who  for  many  years  did  not  believe 
in  sudden  outbursts  of  explosive  gas.  In  the  district  where 
he  was  brought  up  there  was  a  good  deal  of  fire-damp.  This, 
no  doubt,  came  from  the  floor  of  the  mine,  which,  being 
soft,  was  not  liable  to  sudden  rifts.  Four  and  a  half  years 
ago,  during  his  connection  with  the  Silkstone  seam  at  the 
Nunnery  Colliery,  near  Sheffield,  an  occurrence  happened 
which  convinced  him  of  the  reality  of  outbursts.  There 
was  a  series  of  14  "  gates,''  each  gate  being  40  yards  wide. 
He  was  in  the  No.  11  gate  one  morning — ^the  fireman  going 
his  rounds  before  him — when  he  heard  a  report  as  of  the 
firing  of  a  shot.  As  a  matter  of  fact,  shots  were  not  fired  in 
that  district  and  never  had  been.  After  hearing  the  report 
he  could  not  get  on  ;  he  found  gas  coming  with  the  air,  and 
at  once  took  steps  to  fetch  out  the  men.  The  air  of  the  mine 
was  foul  for  three  days  after.  When  an  examination 
became  possible  the  floor  was  foimd  broken  right  along 
the  face  for  at  least  [35  yards.  He  had  ever  since  that 
believed  in  the  possibility  of  sudden  outbursts  of  gas. 

Mr.  Herbert  Fletcher  said  they  were  all  profoundly 
interested  in  this  question  of  outbursts,  and  the  instances 
given  by  Mr.  Woodward  were  about  the  most  startling  that 
had  been  heard  of  in  this  part  of  the  coimtry.  But  he  (Mr. 
Fletcher)  understood  that  they  all  occurred  in  strait  work. 
He  would  like  to  know  if  anyone  could  give  an  instance  of 
an  outburst  of  gas  occurring  in  wide  work  in  this  district. 
In  driving  a  narrow  level  in  the  Trencherbone  mine  15  years 
ago,  at  a  distance  of  about  150  yards  below  the  old  workings,  a 
succession  of  blowers  were  met  with — one  of  them  of  such 
volume,  and  making  so  much  noise,  that  it  was  called  an 
outburst.  The  men  were  working  with  naked  lights  at  the 
time  the  warning  came — and  that  warning  was  given  by 
water  preceding  the  escape  of  gas — ^yet,  though  the  noise 
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made  by  the  gas  was  likened  by  those,  who  heard  it,  to  the 
blowing  off  of  a  steam  boiler,  no  harm  occurred  to  anyone, 
becanse  the  candles,  and  the  furnace  also,  were  immediately 
put  out.  There  was  no  dumb  drift  by  which  the  gas  could 
escape.  After  that  gas  was  found,  small  blowers  continued  to 
come  at  intervals  of  about  100  yards  till  the  level  was 
driven  400  yards  further.  The  instances  Mr.  "Woodward  had 
given  all  occurred,  }ie»  believed,  in  pillar  work.  He 
(Mr.  Fletcher)  supposed  as  pillar  work,  or  strait  work,  came 
to  be  gradually  abandoned  they  would  hear  less  of  such 
outbursts. 

Mr.  Burrows  said  that  gas  was  often  found  in  broken  or 
wide  work,  and  it  nearly  always  came  from  the  roof.  He 
argued  that  by  the  system  of  working  wide  work  spaces 
were  formed  between  the  strata  overhead  for  the  lodgment  of 
gas,  which  showed  itself  the  first  time  a  weight  occurred.  That 
this  was  so  he  thought  had  been  pretty  clearly  shown  by  several 
explosions;  and — speaking  from  his  own  experience — he 
should  say  that  the  same  argument  applied  to  the  floor  as  to 
the  roof,  for,  however  good  the  ventilation,  if  they  packed  the 
waste  full,  it  made  no  difference :  there  must  be  a  sinking,  and 
if  the  waste  sank  say  two  feet  there  must  be  a  gap  of  that 
extent  somewhere,  which  served  as  a  reservoir  for  gas.  It 
depended  upon  where  the  roof  was  going  to  break  whether 
they  could  let  off  that  gas  safely  or  otherwise.  He  asked 
Mr.  Woodward  whether  he  had  noticed  water  in  connection 
with  any  of  the  outbursts  he  had  described. 

Mr.  Woodward  said  there  had  been  no  water  at  all. 
The  coal  was  perfectly  dry.  In  one  place  the  presence  of 
sulphuretted  hydrogen  was  detected,  and  he  was  surprised 
that  water  did  not  follow  the  outburst  of  gas. 

Mr.  Burrows  mentioned  a  circumstance  which  occurred 
in  the  Trencherbone  mine.  The  waste  was  packed  full  with 
dirt,  and  three  weeks  ago  it  took  its  first  weight.     This  was 
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sometime  during  the  Friday  night.  It  was  found  by  the 
fireman  next  morning,  when  the  gas  was  blowing  off  yery 
freely,  so  that  the  place  had  to  be  stopped  till  the  following 
"Wednesday. 

Mr.  Dickinson  wished  Mr.  Woodward  would  tell  the 
meeting  what  kind  of  lamp  he  was  now  using,  after  the 
experience  he  had  related.  The  lamp  he  had  been  using 
was  the  Clanny,  and  it  was  clear  he  had  had  some  fortunate 
escapes. 

Mr.  Woodward  :  The  Marsaut  is  now  the  one  in  use  at 
these  collieries. 

Mr.  Dickinson  :  It  would  be  a  pity  to  let  your  paper 
appear  without  so  important  an  addition  to  it. 

Mr.  Woodward  :  We  are  using  the  Marsaut  entirely,  and 
have  been,  in  these  mines,  for  some  years  now. 

Mr.  Dickinson  observed  that  such  escapes  as  Mr.  Herbert 
Fletcher  had  just  described — the  candles  being  put  out  just 
at  the  moment  of  danger,  and  the  furnace  also  being  put 
out — were  not  to  be  trusted  to.  It  was  running  the  chances 
too  fine.     The  danger  was  such  as  ought  not  to  be  incurred. 

Mr.  Fletcher  said  he  agreed  with  Mr.  Dickinson  in  that 
observation.  He  only  stated  the  case  in  order  to  show  what 
danger  had  been  encountered  with  impunity  by  men  using 
candles  which  protected  them  from  other  dangers,  which  were 
not  now  under  discussion.  As  the  Marsaut  lamp  had  been 
mentioned  as  safe  in  outbursts  of  gas,  it  was  right  he  should 
tell  the  meeting  that  he  had  procured  some  of  those  lamps 
(and  also  some  Mueseler  lamps)  of  the  very  best  pattern, 
locked  with  lead  rivets,  and  provided  with  every  means 
that  ingenuity  coidd  contrive  to  prevent  the  so-called 
"  reckless  "  collier  from  "  tampering  with  his  light."  This 
lamp,  he  thought,  was  a  rather  flimsy  thing  to  trust  a  man's 
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b'fe  to,  so  he  said — ''  Lotus  put  it  to  an  easy  test."  He  took 
it  into  the  workshop,  and  exposed  it  to  a  jet  of  gas  from  an 
ordinary  burner.  The  lamp,  which  was  thought  to  be  a 
perfect  protection '  against  explosions  underground,  imme- 
diately lit  the  gas  when  placed  in  contact  with  it.  After 
that  another  lamp  was  tried,  with  precisely  the  same  result. 
Those  were  the  only  two  lamps  tested  out  of  two  dozen  pro- 
cured. It  was  the  Marsaut  lamp  with  double  gauze,  iron  shield, 
and  lead  rivet — a  lamp  which  was  said  to  give  almost  as 
good  a  light  as  a  naked  candle.  So  it  would,  no  doubt,  in 
one  direction  ;  but  it  cast  large  shadows  below  and  above. 
Though  it  was  an  excellent  lamp  in  some  mines,  and  might 
often  prevent  accidents,  yet,  he  thought,  it  was  not  one  to  be 
implicitly  trusted,  and,  inasmuch  as  they  still  had  explosions  in 
mines,  where  the  best  possible  lamps  were  used,  he  thought 
no  one  could  say,  that  by  the  exclusive  use  of  the  safety  lamp 
in  all  mines  there  would  be  an  avoidance  of  explosions  in 
future. 

Mr.  Burrows  asked  Mr.  Fletcher  if  he  could  give  any 
instance,  in  England,  where  there  had  been  an  explosion 
with  the  Mueseler  lamps. 

Mr.  Fletcher  said  he  was  not  acquainted  with  the  kind 
of  lamp  used  in  every  colliery  in  England  in  which  there 
had  been  an  explosion ;  but  he  was  reminded  that  during 
the  last  few  months  there  had  been  an  explosion  in  Prussia, 
which  caused  the  death  of  45  persons.  He  had  tried  to 
ascertain  what  lamp  was  in  use  in  that  mine,  but  had  been 
unable  to  do  so.  He  should  suppose,  however,  that  it  was 
the  Mueseler.  In  a  neighbouring  colliery  to  theirs,  not  long 
since,  a  collier  was  burned,  and  left  the  mine  without  his 
Marsaut  lamp.  The  man  who  went  to  the  place  to  get  it, 
afterwards,  was  laid  up  in  consequence,  as  he  (the  man)  himself 
stated,  of  having  breathed  the  gas,  into  which  he  was  obliged  to 
go  to  find  the  missing  lamp.    Then,  there  was  the  explosion  at 
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Normanton ;  of  course  no  one  knew,  as  yet,  what  was  the  cause 
of  that  explosion.  He  believed  the  lamp  in  use  there  was  the 
bonneted  Clanny.  There  was  a  fiery  mine,  where  bore-holes 
had  been  made  to  admit  of  the  escape  of  the  gas,  and  where 
the  non-escape  of  the  gas  was  a  source  of  uneasiness, 
the  managers  concluding,  that,  if  it  was  not  given  off 
at  the  bore-holes,  it  must  be  accumulating  in  some  cavity 
12  or  15  feet  below.  He  was  told  that  the  use  of  candles 
had  been  given  up,  and  the  best  lamps  resorted  to,  in  that 
mine.  The  explosion  occurred  within  six  months  after  the 
change  took  place,  and  the  inference  was  that  blasting, 
which  was  safe  for  so  long  a  period,  when  candles  were  being 
used,  became  unsafe,  when  they  adopted  lamps. 

Mr.  Burrows  thought  that  was  rather  bad  logic.  Unless 
Mr.  Fletcher  could  show  that  what  lighted  at  a  Mueseler 
would  not  light  at  a  candle  his  argument  fell  to  the  ground. 
If  gas  would  light  at  a  lamp,  whether  bad  or  good,  it 
certainly  would  light  at  a  candle.  Mr.  Burrows  further 
argued  that  in  a  working  place  with  good  ventilation  it  was 
extremely  doubtful  whether  more  light  would  be  got  from 
candles  than  from  well-trimmed  Mueseler  lamps. 

Mr.  Wild  said  he  would  not  like  it  to  go  forth  from  that 
meeting  that  they  had  had  no  explosions  at  Normanton 
prior  to  the  one  which  was  so  disastrous  in  October.  Mr. 
Garf orth  told  him  himself  that  they  had  had  lots  of  small 
ones,  and  that  sometimes  gas  had  been  left  buruing  in  the 
goaf.  That  used  to  be  the  case  when  candles  were  used  in 
the  fiery  seams  near  Oldham.  At  Normanton  their  difficul- 
ties arising  from  the  presence  of  gas  increased ;  they  found 
that  it  did  not  drain  off  as  formerly  in  small  quantities  ;  the 
thickness  of  the  strata  began  to  increase  between  the  two 
seams,  and  they  saw  the  danger  of  continuing  the  use  of 
candles.  Hence  their  determination  to  adopt  the  safety 
lamp.     But  whatever  might  have  been  the  cause  of   the 
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recent  explosion  it  would  certainly  not  have  been  avoided 
by  their  continuing  the  use  of  candles. 

Mr.  Dickinson  said  there  was  one  other  thing  which 
should  not  go  out  without  a  word  being  said.  There  was 
such  a  thing  as  good  and  bad  company,  and  there  was  such 
a  thing  as  having  good  lamps  not  properly  put  together. 
He  thought  the  cases  of  lighting  up  the  workshop  with  the 
Marsaut  lamp,  which  Mr.  Fletcher  had  given  them,  would 
admit  of  some  explanation.  Mr.  Fletcher,  he  did  not  doubt, 
could  give  them  the  explanation ;  or,  if  not,  then  he  (Mr. 
Dickinson)  could. 

The  President  said  this  was  a  "  burning  question,"  which 
did  not  come  within  the  scope  of  Mr.  "Woodward's  paper. 
A  question  had  been  put  to  Mr.  Fletcher,  which,  perhaps, 
he  would  kindly  answer,  as  the  subject  was  one  which  was 
of  such  general  interest ;  but  a  discussion  on  the  general 
question  of  lamps  might  be  left  to  some  other  meeting. 

Mr.  Fletcher  said  Mr.  Burrows  thought  his  logic  was 
bad,  but,  pending  the  inquiry  in  the  Normanton  case, 
a  fair  inference,  he  thought,  was,  that  practices  were 
encouraged  by  the  immunity  from  danger  supposed  to  be 
given  by  the  safety  lamp,  which  otherwise  would  not  be 
allowed. 

Mr.  Burrows  :  No,  no. 

Mr.  Fletcher  added,  on  the  subject  of  the  illuminating 
capacity  of  lamps,  as  compared  with  candles,  that  whilst 
the  former  cast  a  shadow  on  the  roof  which  rendered  an 
examination  difficult ;  supposing  the  miner  heard  a  crack, 
the  light  from  a  candle  facilitated  such  an  examination  ;  in 
fact,  the  miner  could  see  all  that  he  wanted  to  see  by  simply 
turning  his  head.  Gentlemen  might  be  aware  of  the 
recommendation  of  Mr.  Atkinson  with  regard  to  the  use  of 
lime-wash.     It  was  pointed  out  that  the   great  cause  of 
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explosions,  at  all  events  in  the  Durham  coal  field,  was  dust 
rather  than  fire  damp.  Mr.  Atkinson  recommended  the 
application  of  white- wash  to  the  roofs  of  places  and  sides 
of  the  roadways;  and,  with  the  view  of  ascertaining  the 
probable  cost  of  carrying  out  that  recommendation,  provided 
it  was  embodied  in  a  new  Act  of  Parliament,  he  (Mr. 
Fletcher)  had  begun  white-washing  rather  extensively. 
The  men  themselves  had  undertaken  the  white- washing  of  the 
roofs  of  their  places,  and  day-waymen  were  employed  upon 
the  roadways,  tunnels,  and  jig-brows.  Mr.  Dickinson  asked 
if  he  could  not  give  some  explanation  of  the  manner  in 
which  the  Marsaut  lamps  were  lighted  when  placed  in  con- 
tact with  a  jet  of  gas.  It  was  only  fair  to  say  that  it  was 
done  by  screwing  the  lamp  up  as  little  as  possible,  just  so 
that  it  would  lock  ;  but  being  a  new  lamp,  it  was  less  likely 
to  allow  itself  to  be  slackly  screwed  up  than  it  would  be 
after  having  been  some  time  in  use.  With  every  day's  use 
the  lamp  approached  such  a  condition  by  the  wearing  of 
the  screw  and  the  lock,  and  so  was  rendered  less  and  less 
safe.    To  trust  to  it  would  be  "  trusting  to  a  broken  reed." 

Mr.  Dickinson  :  You  have  not  explained  the  other 
matter — where  there  was  an  explosion. 

Mr.  Fletcher  said  that  was  at  a  neighbouring  colliery. 
He  was  told  in  that  case  there  was  only  one  gauze  in  each 
lamp.  The  men  complained  of  the  bad  light  given  by  the 
lamps,  which  they  had  had  in  use  for  some  time,  and  they 
found  great  advantage  from  taking  off  the  cover  and  using 
only  one  gauze.  The  lamp,  he  was  told — ^he  of  course  only 
gave  it  as  hearsay — in  that  condition  passed  the  fiame. 
Whether  it  was  a  case  of  not  being  screwed  up  tight  or  not 
he  was  not  in  a  position  to  say. 

The  President  said  he  had  listened  with  great  interest 
to  the  discussion.     It  seemed  to  him,  as  a  layman,  that  they 
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could  hardly  compare  the  carefully  conducted  experiments 
which  had  been  made  with  the  different  kinds  of  lamps 
with  the  somewhat  sporadic  experience  to  which  they  had 
listened.  He  thought  it  ought  not  to  go  forth  from  that 
meeting  that  the  Marsaut  lamp  was  to  be  placed  in  the 
same  dangerous  category  as  the  Davy. 

Mr.  Dickinson  :  I  think  Mr.  Fletcher's  explanation  quite 
remoYes  the  diflSculty  he  would  otherwise  have  left  the 
meeting  in. 


THE  QUESTION  OF  THE  PRE- ATLANTIC  LAND. 

By  Mr.  R.  T.  Burnett,  F.G.S. 


When  we  look  at  a  geological  map  of  the  British  Isles, 
we  are  struck  with  the  pronounced  way  in  which  the 
different  colours  on  the  map  are  arranged. 

Upon  looking  to  the  north,  north-west,  and  west,  we 
observe  large  areas  of  one  or  two  colours  only ;  whilst  along 
the  centre  of  the  map,  stretching  from  N.E.  by  the  river 
Tyne  down  to  the  district  of  Lyme  Regis  in  the  south,  there 
appear,  more  or  less  irregular,  bands  of  colours  roughly 
curving  outside  each  other  with  their  outer  bondings  to  the 
south-east. 

Consult  an  index  to  these  colours,  and  we  at  once  find 
that  they  indicate  the  stratigraphical  arrangement  of  the 
different  rock  formations. 

This  index  further  shows  us  that  these  curving  bands  of 
colour  represent  rocks  comparatively  new  when  compared 
with  the  large  patches  to  the  north  and  north-west. 

Read  over  the  index,  and  you  will  find  that  the  rock 
formations  are  arranged  in  tabular  form,  the  oldest  being  at 
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the  bottom,  and  the  newest,  or  most  recent,  at  the  top  of  the 
table.  Thus  from  the  Pre-Cambrian  and  Cambrian  up  to 
the  recent. 

Turn  now  to  the  map.  Place  your  ruler  directly  across 
from  Harlech  to  Londoriy  running  N.W.  and  S.E.,  or  from 
Cape  "Wrath  to  Beechey  Head,  running  N.N.W.  to  S.S.E., 
and  you  will  then  find  that  you  pass  over  most  of  the  forma- 
tions rising  from  the  oldest  to  the  newest.  Reflecting  upon 
these  colours  and  their  index,  together  with  the  position  of 
the  rocks  they  indicate,  we  are  aware  that  the  oldest  rocks 
appear  to  cluster  to  the  N.W.  and  the  newer  rocks  to 
the  S.E. 

Indeed,  this  will  apply  to  the  existing  geology  of  the 
centre  of  England,  the  rocks  of  which  occupy  a  truly 
physical  and  geological  centre,  being  bounded  by  older 
rocks  on  the  west  and  newer  ones  on  the  east. 

Seeing  that  the  older  rocks  known  as  Cambrian,  Silurian, 
Devonian,  and  Carboniferous,  occupy  the  main  position  to 
the  N.  and  W.  of  the  map,  we  naturally  arrive  at  the 
conclusion  that  they  form  the  nucleus  or  core  around  which 
have  been  built  the  more  recent  formations. 

If  we  are  correct  in  this,  and  in  the  reading  of  our  mup 
and  index,  and  also  in  the  identification  of  the  rock  masses, 
we  are  driven  to  aflB.rm  that  Britain  has  imdergone  a  process 
of  building  up  towards  the  S.E.,  and  that  such  building  up 
took  place  from  N.E.  or  N.W. 

Admitted,  then,  that  all  the  present  exposed  and  existing 
old  rock  masses  represent  such  nucleus  out  of  and  around 
which  the  present  Britain  has  been  constructed,  we  are 
further  compelled  to  admit  that  those  same  ancient  masses 
must  themselves  have  been  derived  from  pre-existing  lands, 
and  we  ask,  where  was  this  pre-existing  land  ? 
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In  this  question  we  enter  upon  yery  debatable  ground, 
and  we  have  the  opinions  of  two  eminent  scientific  leaders 
to  consider,  namely,  Sir  W.  Dawson,  of  Montreal;  and 
Professor  Hull,  of  Ireland. 

Dr.  Dawson  in  his  presidential  address  at  the  recent 
meeting  of  the  British  Association  at  Birmingham,  when 
dealing  with  the  theories  of  the  original  cooling  of  the  earth 
said  we  were  invited  by  a  general  glance  at  the  surface  of 
the  earth  to  ask,  respecting  the  Atlantic,  "  what  has  deter- 
mined its  position  and  form  P"  and  "  what  changes  has  it 
experienced  in  the  lapse  of  geological  time  P" 
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To  enquire  into  the  cause  of  the  Atlantic  depression  Dr. 
Dawson  says  "  we  must  go  back  to  a  time  when  the  areas 
occupied  by  the  Atlantic  and  its  bounding  coasts  were 
parts  of  a  shoreless  sea,  when  the  earliest  gneisses  or 
stratified  granites  of  the  Laurentian  age  were  being  laid 
down  in  vastly  extended  beds."  Taking  all  stated 
theories,  quoted  by  him,  into  consideration  we  might  well 
believe  "  that  the  cooling  crust  has  hardened  in  successive 
"  layers  from  without  inward — that  at  the  same  time  fissures 
"  were  locally  discharging  igneous  matter  to  the  surface, 
"  that  matter  held  in  suspension  in  the  ocean  and  matter 
"  held  in  solution  by  heated  waters  rising  from  beneath  the 
"  outer  crust  were  mingling  their  material  in  the  deposits 
"  of  the  primitive  ocean,"  and  that  "  the  combination  of  all 
"  these  agencies  may  safely  be  evoked  as  the  causes  of  the 
"  pre~Atlantic  deposits.'' 

Dr.  Dawson  further  says : — "  Let  us  suppose,  then,  the 
**  floor  of  the  old  ocean  covered  with  a  flat  pavement  of 
"  gneiss,  or  of  that  material  which  is  now  gneiss,  how  and 
"  when  did  this  original  bed  become  converted  into  sea  and 
"land?"  In  answering  this  question,  he  admits  that 
"  here  we  have  some  things  certain,  others  most  debatable." 
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He  says,  which  we  may  admit,  "  That  the  cooling  mass,  in 
*'  sending  out  the  softened  rocky  material,  soon  became  too 
"  small  for  its  shell  is  apparent."  "  But,"  he  asks,  "  where 
"  would  the  collapse,  crushing  and  wrinkling  inevitable 
from  this  cause  begin?"  Where  they  did  begin  is  indi- 
cated by  the  lines  of  mountain  chains  which  traverse  the 
Laurentian  districts,  but  the  reason  why  is  less  apparent.  In 
attempting  to  give  reasons  for  this  collapse,  crushing  and 
wrinkling.  Dr.  Dawson  gives :  (1)  "  The  more  or  less  un- 
"  equal  cooling,  hardening  and  conductive  power  of  the 
"  outer  crust.  (2)  The  driftage  unequally  of  water  borne 
detritus  to  the  S.W.  by  the  bottom  current  of  the  sea. 
(3)  The  greater  cooling  and  hardening  of  the  crust  in 
the  polar  regions^  and  the  tendency  to  collapse  of  the 
'*  equatorial  protuberance  from  the  slackening  of  the  earth's 
"  rotation,  and  (4)  the  internal  tides  of  the  earth's  substance 
"  at  the  times  of  solstice  would  exert  an  oblique  pulling 
"  force  on  the  crust  which  might  tend  to  crack  it  along 
"  diagonal  lines."  "  From  which  ever  of  these  causes,  or 
"  the  combination  of  the  whole,"  continues  Dr.  Dawson, 
we  know  that  within  Laurentian  time  folded  portions  of 
the  earth's  crust,  began  to  rise  above  the  general  surface 
in  broad  belts,  running  from  N.E.  to  S.W.,  and  from 
N.W.  to  S.E.,  where  the  older  mountains  of  Eastern 
"  America  and  Western  Europe  now  stand,  and  that  the 
"  subsidence  of  the  ocean  allowed  by  this  crumpling  of  the 
**  crust  permitted  other  areas  on  both  sides  of  what  is  now  the 
"  Atlantic,  to  form  limited  table  land.  The  distribution  of 
''  this  ancient  land  is  indicated  by  the  long  lines  of  old 
"  Laurentian  rock,  extending  from  the  Labrador  coast  and 
"  the  north  shore  of  the  St.  Lawrence,  and  along  the  eastern 
*^  slopes  of  the  Appalachians  in  America,  and  the  like  rocks 
*'  of  the  Hebrides,  the  Western  Highlands,  and  the  Scandi- 
"  navian  mountains." 
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After  stating  that  "  the  Arctic  lands  were  subjected  in 
*'  addition"  to  the  ordinary  atmospheric  agencies  "to  the 
**  powerful  mechanical  force  of  frost  and  thaw,"  and  that 
the  lines  of  folding  on  both  sides  of  the  Atlantic  to  carry 
south-westward,  and  pile  up  in  marginal  banks  of  great 
thickness  the  debris  produced  from  the  rapid  waste  of  the 
land  already  existing  in  the  Arctic  regions,**  and  further,  that 
in  the  later  Eozoic  and  early  Palaeozoic  times,  which 
succeeded  the^r«^  foldings  of  the  oldest  Laurentians,  great 
"  ridges  were  thrown  up  along  the  edges,  of  which  were 
"  beds  of  limestone,  and  on  their  summits  and  sides  thick 
"  masses  of  ejected  igneous  rock."  Further,  that  "  in  the 
"  bed  of  the  Central  Atlantic  there  are  no  such  accumulations/' 
but  that  "  it  (the  Atlantic)  must  have  been  a  flat  or  slightly 
ridged  plate  of  the  ancient  gneiss,  hard  and  resisting, 
though  perhaps  with  a  few  cracks  through  which  igneous 
"  matter  welled  up,  as  in  Iceland  and  the  Azores  in  more 
"  modem  times." 

Dr.  Dawson  makes  this  very  pertinent  comment,  viz.:  "It 
"  may  be  said  that  all  this  supposes  a  permanent  continuance 
"  of  the  ocean  basins,  whereas  many  geologists  postulate 
"  a  Mid-Atlantic  continent  to  give  the  thick  masses  of  detritus 
"found  in  the  older  formations,  both  in  Eastern  America  and 
"  Western  Europe,  and  which  thin  off  in  proceeding  into  the 
"  interior  of  both  continents'* 

This  really  is  the  point  at  issue  between  the  hypothesis  of 
Dr.  Dawson  on  the  one  hand,  and  that  of  Professor  Hull  on 
the  other. 

We  cannot  go  into  further  detail  of  Dr.  Dawson's  views, 
but  simply  add  that  he  says  he  "  prefers,  with  Hall,  to 
"  consider  these  belts  of  sediment  as  in  the  main  the  deports 
"  of  northern  currents  and  derived  from  Arctic  land,  and  that, 
"  like  the  great  banks  of  the  American  coast  at  the  present 
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"  day,  which  are  being  built  up  by  the  present  Arctic 
"  current,  they  had  little  to  do  with  any  direct  drainage 
"  from  the  adjacent  shore." 

With  regard  to  the  foregoing  extract,  Professor  Hull  says 
that  in  reading  this  particular  passage,  it  occurred  to  him 
that  Sir  William  Dawson  must  "  have  felt  he  had  a  very 
"  questionable  case  when  he  attempted  to  support  it  by  such 
an  hypothesis.  To  liken  the  great  sheets  of  seditnent  tchich 
spread  themselves  sometimes  over  half  the  North  Atnerican 
"  co>Hinenty  south  of  the  great  lakes,  to  the  hanks  heaped  up 
"  along  the  Atlantic  coasty  is  a  point  of  analogy  in  which, 
**  probably,  he  will  find  few  to  concur.  The  Palaeozoic 
sediments  are  certainly  not  banks,  but  sheets^  originally 
spread  over  the  sea-bed,  and  distributed  according  to 
certain  recognised  laws  of  increase  and  decrease  of 
"  thickness." 

This  objection  of  Professor  Hull's  seems  a  fatal  one  to 
Dr.  Dawson's  hypothesis,  because  we  have  no  evidence  of 
such  widely-spread  deposits  being  in  process  of  formation  at 
the  present  day  as  marginal  deposits. 

Professor  Hull  further  presses  this  objection  when  he 
says:  "How  can  we  suppose  the  existence  of  a  northern 
"  current  bringing  sediment  from  the  Arctic  regions  and 
"  spreading  it  over  Eastern  America  unless  there  was  at  the 
"  same  time  a  coast  line  to  guide  the  current  in  taking  a 
"  southerly  direction  ;  and  if  such  a  coast  line  existed  must 
"  it  not  have  lain  along  the  eastern  American  shore,  because 
"  the  American  continent  itself  was  then  submerged  ?  If 
"  America  and  the  Atlantic,  south  of  the  Arctic  regions, 
"  were  both  oceanic  in  Palaeozoic  times  then  the  current 
would  not  have  been  southerly,  but  westerly  or  easterly, 
not  flowing  from  north  to  south  ;  therefore  this  explana- 
"  tion  for  the  distribution  of  the  Palaeozoic  strata  cannot,  I 
"  venture  to  say,  bear  the  test  of  examination." 
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Professor  Hull  says  :  "  The  question  between  the  Presi- 
dent and  myself  is  mainly  this  ;  Did  the  sedimentary  strata 
of  the  Pakeozoic  period  of  North  America  come  from  lands 
lying  around  the  Arctic  circle  or  from  others  occupying  the 
position  of  the  North  Atlantic  ?  American  geologists  have 
a  favourite  theory  that  the  Arctic  regions  have  been  the 
"  originating  lands ;  but  I  venture  to  repeat  that  if  it  be 
"  allowed  as  a  general  principle  that  the  originating  lauds 
"  lay  in  the  direction  towards  which  the  sediments  thicken^ 
"and  opposite  to  that  in  which  the  limestones  are  most 
"  developed,  the  conclusion  is  inevitable  that  the  Atlantic 
"  was  in  the  main  a  land  surface  in  Pateozoic  times.  All 
"  the  Palaeozoic  formations  of  North  America  point  to  this 
"  conclusion,  as  I  have  on  former  occasions  attempted  to 
"  show,  and  this  regardless  of  the  question  whether  or  not 
•*  there  was  also  land  along  the  Arctic  circle.  Throughout  the 
"  Silurian,  Devonian,  and  Carboniferous  epochs  marine  lime- 
"  stones  were  in  course  offormatton^  mainly  over  the  regions  west 
"  of  the  Mississippi,  and  sediments  mainly  east  of  that  line,  and 
"  chiefly  in  the  Appalachian  region.  The  general  direction 
of  the  swelling  out  of  the  sediment  is  (if  I  mistake  not) 
rather  south  of  east  than  north  of  east.  On  the  whole,  and 
as  a  general  result,  the  centre  from  which  the  sediments 
"  appear  to  have  been  chiefly  distributed  seems  to  have  lain 
"  around  the  point  intersected  by  the  parallel  SO""  N  lat.  and 
"  the  meridian  of  60^  W,  long.;  except  in  the  Carboniferous 
"  period,  when  the  originating  lands  appear  to  have  been  in 
"  the  region  of  the  first  Atlantic  cable,  between  Ncwfound- 
"  land  and  the  British  Isles,  and  which  lands  were  probably 
"  continuous  with  those  of  the  Arctic  continent." 

Professor  Hull,  in  conclusion,  says  with  reference  to  the 
Archoean  rocks  :  "  I  am  much  disposed  to  concur  in  the  view 
"  of  Sir  W.  Dawson  that  the  fundamental  gneissose  beds 
"  may  have  had  a  diflerent  origin  from  the  metamorphio 
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*'  strata  of  sacceeding  periods,  and  that  they  may  not  have 
**  been  originally  sediments.  This  observation  does  not, 
"  however,  apply  to  the  schists,  limestones,  and  quartzites 
^'  which  succeed  them  and  which  sometimes  include  beds 
of  gneiss  as  in  Scandinavia.  From  this  point  of  view 
the  birthday  of  the  Atlantic  continent  may  not  have 
''  dated  farther  back  than  the  commencement  of  the 
"  PalsBozoic  age — represented  in  Britain  by  the  Cambrian 
and  in  America  by  the  Potsdam  sandstone.  As  a  con- 
tinent it  remains  till  the  close  of  that  age.  To  what 
**  extent  it  survived  the  terrestrial  movements  which  closed 
*'  that  epoch  I  am  not  prepared  to  say." 

The  foregoing  extracts  give  a  generalised  idea  of  the 
exact  position  of  the  question  debated  by  these  two  leaders 
of  thought  in  physical  geology. 

There  is  one  other  authority  we  may  allude  to  with  a 
great  degree  of  confidence.  I  refer  to  Professor  Bonney, 
who  in  his  presidential  address  to  section  C  of  the 
British  Association  says :  '*  It  may  be  convenient  to 
call  your  attention  to  g^nitoid  rocks  (many  of  which 
may  be  of  igneous  origin  but  are  of  very  ancient  date), 

gneisses   and  crystalline   schists The   former 

"  constitute  a  large  part  of  the  north-western  and  central 
^'  highlands  of  Scotland  and  of  the  islands  off  its  west 
*'  coast." 

Referring  to  the  Archaean  period,  which  more  particularly 
bears  upon  the  question  in  dispute  between  Dr.  Dawson  and 
Professor  Hull,  Professor  Bonney  says:  "At  the  commence- 
^'  ment  of  the  Cambrian  period  great  masses  of  Archaean 
"  rock,  granitic  gneisses  and  schists,  must  have  existed  not 
"  only  on  the  western  side  of  Britain  but  also  over  a  con- 
"  siderable  tract  of  land  now  covered  by  the  sea.  Detritus  from 
^'  this  continent  became  an  important  constituent  in   the 
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**  Cambrian  rocks,  and  in  many  cases,  as  at  St.  Davids,  in 
Anglesey,  Carnarvonshire,  &c.,  the  share  line  must  have 

been  very  near  at  hand It  is,  I  think,  at  present 

hardly  safe  to  attempt  to  trace  the  exact  land  boundaries 
"  of  the  Cambrian  ocean,  but  the  enormous  masses  of  Archcean 
**  material  which  are  entombed  in  the  earlier  palaeozoic 
*'  strata  of  Wales  and  of  north-west  Scotland  can,  I  think, 
"  only  be  explained  by  the  proximity  of  a  great  continental 
"  land — ^an  extension  of  the  present  Scandinavian  peninsula — 
"  which  not  improbably  had  a  general  slope  towards  the 
'' S.E.,  the  main  watershed  of  which  may  ha,\e  hia  some 
distance  to  the  tcest  of  the  Outer  Hebrides.'* 
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Thus  we  see  that  we  have  these  three  great  authorities 
agreeing  in  the  belief  that  the  material  for  the  com- 
mencement of  the  building  of  the  foundation  rocks 
of  the  British  Isles  was  derived  in  the  first  instance  from 
land  existing  to  the  west  and  north-west  of  what  is  now 
the  farthest  existing  extension  of  our  land  in  these 
directions. 

Viewing  the  question  as  onlookers,  watching  the  combat 
between  the  principle  authorities,  we  cannot  help  seeing 
that  each  of  them  asserts  most  reasonable  views,  and,  to  a 
certain  extent,  advances  towards  the  other  very  closely. 

Dr.  Dawson  certainly  does  not  yield  the  permanency  of 
the  Atlantic  basin,  but  he  steps  far  towards  Professor  Hull 
when  he  admits  that  the  Arctic  continent  may  have  extended 
more  to  the  south  than  it  now  does. 

Professor  Hull  advances  towards  Dr.  Dawson  when  he 
draws  upon  the  Arctic  continent,  or  upon  land  to  the  N.W. 
for  material  forming  a  Laurentian  and  Archaic  land. 

May  it  not  be  that  both  authorities  are  right  up  to  a 
limited  point?     Dr.  Dawson  right  in   asserting  that  the 
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deepest  parts  of  the  Atlantic  have  never  formed  dry  land 
at  any  time ;  the  condition  of  the  gneissic  floor  as  being 
made  up  of  non-subaBrial  rocks  supporting  his  view.  This 
might  be  safely  granted  to  the  Atlantic  south  of  an  ima- 
ginary line  drawn  across  from  Britain  to  Newfoundland, 
and  advancing  towards  the  Equator  from  that  line,  so 
stretching  E.  and  W,,  we  should  have  the  Atlantic  basin 
deepening  towards  the  south.  Along  that  line  we  have  the 
plateau  proved  by  soundings. 

May  we  not  meet  the  hypothesis  of  both  those  gentlemen 
by  another  hypothesis,  namely,  that  the  Arctic  continent 
existed  as  a  high  pre-Laurentian  land,  and  extended  so  far 
south  as  the  line  in  question,  furnishing  sediment  to  the 
pre-Eastern  American  seas  on  the  west,  and  to  the  pre- 
Western  European  seas  on  the  east. 

The  denudation  of  this  high  pre-Atlantic  land  would 
in  all  probability  be  sufficient  for  this,  and  the  subsequent 
great  depression  of  such  of  the  land  as  might  have  been 
spared  from  denudation  would  be  sufficient  to  assist  in 
great  part  in  the  upheaval  of  long  ridges  forming  the 
Ijaurentian  land  on  the  American  and  European  con- 
tinents. 

Granting  Dr.  Dawson's  hypothesis  as  to  the  original 
shrinkage  of  the  crust  forming  the  initial  depression  of  the 
Atlantic  basin,  and  its  subsequent  deepening  towards  the 
Equator,  we  have  only  to  assume  that  the  Atlantic  depres- 
sion did  not  extend  north  beyond  the  imaginary  line  drawn 
from  Britain  to  Newfoundland,  and  we  should  then  have 
the  crust  from  that  line  up  to  the  far  north  becoming  solid, 
and  forming  a  pre-Atlantic  land.  Yet  not  wholly  a  pre- 
Atlantic  land,  because  south  of  our  line  the  Atlantic  would 
always  have  been  the  Atlantic,  the  subsequent  extension  of 
it    north    beyond    the  line  in   question   up  to  the  Point 
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Farewell,  in  Greenland,  being  permitted  by  the  subsequent 
denudation,  and  deep  submergence  of  the  land  up  to  that 
point. 

In  short,  that  the  existing  southern  extension  of  Greenland 
is  but  the  remaining  projection  of  a  land  that  once  stretched 
much  further  south,  and  formed  one  of  the  original  staying 
ribs  of  the  cooling  crust. 

While  much  stress  has  very  reasonably  been  put  upon  the 
configuration  of  the  land  of  the  globe  broadening  to  the 
north,  and  attenuating  towards  the  south,  as  shown  by  the 
European,  African,  and  American  continents,  together  with 
their  intervening  deep  seas  of  the  Atlantic,  Pacific,  and 
Indian  Oceans,  as  all  pointing  most  truly  to  the  original 
lines  of  the  earth's  shrinkage,  and  also  as  to  these  three 
southernly  projections  of  forming  the  three  original  ribs, 
might  there  not  have  been  a  fourth  rib,  which  has  been  worn 
down  and  shortened,  covered  over  by  much  newer  deposits 
of  rocks,  and  subsequently  by  snow  and  ice  ?  That  fourth 
rib  being  Greenland. 

If,  as  is  asserted,  the  first  cooling  and  hardening  of  the 
earth's  crust  took  place  at  the  Poles,  and  that  the  last  part 
to  harden  would  be  at  the  Equator,  then  the  land  grew  out 
from  the  north.  If  this  be  so,  then  whv  should  it  not  have 
originally  projected  out  /owr,  or  more,  binding  ribs  as  well 
as  three,  or  why  should  not  the  first  haidening  and  subse- 
quent forming  of  dry  land  commence  at  what  is  now  Green- 
land and  project  far  to  the  south,  to  be  subsequently  depressed 
into  an  ocean  abyss,  the  future  lifting  and  building  up  of 
the  nucleus  of  the  existing  continents  of  Europe  and  of 
America  being  at  its  expense. 

That  this  hypothesis  is  reasonable,  I  submit. 

This  being  granted,  we  may  well  concede  Professor  Hull's 
hypothesis  of  a  pre- Atlantic  land  to  the  W.  and  N.W. 
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If  we  ooncede  this,  we  then  have  a  very  ancient  land 
which  furnished  material  for  the  Laurentian  rocks,  and  those, 
in  turn,  for  the  subsequent  building  up  of  the  British  Isles 
through  all  the  various  succeeding  epochs. 


Discussion  upon  this  paper  was  postponed. 
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WIGAN  MEETING. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Friday,  the  7th  January,  1877,  in  the  Mining  School, 
Wigan. 

Mr.  W.  S.  Barrett  in  the  Chair. 


NEW  MEMBEES. 


The  following  gentlemen  were  duly  proposed  and  unani- 
mously elected  Ordinary  Members  of  the  Society: — 

Mr.  George  Boole,  Eainford  Colliery,  near  St.  Helens. 

Mr.   Christopher    Meadows,  Manager  of  the  Earl  of 
Bradford's   Collieries,  Bolton. 

Mr.  J.  McKinless,  1,  Gore  Street,  Greenheys,  Manchester. 

Mr.  Andrew  Jackson,  Manager,  Collins  Green  and  Bold 
Collieries,  Newton-le- Willows. 
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From  the  24th  to  the.  30th  October,  a  barometric  &11  of 
14  millimetres  took  pkice ;  twenty-four  hours  before  the 
atmospheric  pressure  attained  its  minimum  the  explosion 
occurred. 

Addendum. 

Whilst  this  second  edition  was  being  printed  there 
appeared  in  the  periodical  "  Zeitschrift  fur  das  Berg-Hiitten 
und  Salinenwesen  im  Pigussischen  Staate,"  XXXIV.  VoL, 
I.  Part,  pp.  72-90,  the  Report  of  experiments  respecting  the 
influence  of  changing  atmospheric  pressure  on  the  producti(m 
of  fire-damp,  by  order  of  the  Prussian  Commission  on  Fire- 
damp, reported  by  Herm  C.  Hilt,  in  Aix-la-Chapelle. 

According  to  this  report,  the  experiments  at  Aix-la- 
Chapelle  serve  as  a  splendid  testimony  to  the  results 
obtained  in  Karwin. 

The  Archducal  Financial  Direction  in  Teschen  therefore 
considers  that  the  question  which  formed  the  subject  of  the 
Karwin  experiments  to  have  been  solved,  and  will  henceforth 
abstain  from  further  publications  in  this  matter. 


DUST     IN    MINES. 
By  Mr.  M.  Mercier, 


In  taking  the  above  subject  for  a  short  paper  to  read 
before  this  Society,  I  wish  to  state  that  my  reason  for  doing 
so  is — not  to  communicate  any  fresh  experiments,  but  to 
give  a  condensed  account  of  the  production  of  coal  dust  in 
mines,  with  the  means  proposed  for  preventing  its  generation, 
together  with  the  various,  proposals  for  rendering  its  presence 
in  a  mine  harmless.     The  primary  object  of  this  paper  being 
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to  open  the  field  for  discussion  on  a  subject  that  requires  the 
careful  consideration  of  all  colliery  managers,  as  there  is 
great  probability  of  coal  dust  being  the  subject  of  legislation 
during  the  next  session  of  Parliament.  It  therefore  behoves 
all  colliery  managers  to  consider  the  means  at  their  disposal 
for  dealing  with  and  counteracting  its  evil  properties.  It 
may  be  taken  for  granted  that  all  or  nearly  all  colliery 
managers  and  mining  authorities  are  now  agreed  that  coal 
dust  does,  and  has  in  the  past  played  an  important  part  in 
augmenting  the  intensity  and  disastrous  effects  of  many  of 
the  explosions  in  mines ;  whilst  a  great  many  authorities  are 
of  opinion  that  coal  dust  can  by  itself  under  certain  favour- 
able conditions  cause  an  explosion  similar  or  even  more 
severe  in  character  and  effect,  to  that  caused  by  fire-damp 
alone — a  proof  of  which  may  be  cited  in  the  late  sad  calamity 
at  the  Altofts  Colliery.  Evidence  of  the  former  is  amply 
famished  by  the  explosion  at  Seaham,  Dinas,  Trimden 
Grange,  &c.  To  go  into  the  proof  of  the  theories  is  unneces- 
sary, as  it  is  dealt  with  extensively  in  the  report  of  the  Koyal 
Commission  on  Accidents  in  Mines,  and  also  very  fully  and 
concisely  in  the  valuable  work  on  "  Explosions  in  Coal 
Mines,"  lately  added  to  the  literature  of  the  mining  world  by 
Messrs.  W.  N.  and  J.  B.  Atkinson,  Her  Majesty's  Inspectors  of 
Mines,  and  which  should  be  read  by  all  who  are  interested  in 
80  important  a  subject.  Now,  in  the  first  place  must  be 
considered  the  causes  responsible  for  the  large  amount  of  this 
dangerous  matter  in  most  dry  mines,  which  will  probably  be 
accounted  for  severally  or  collectively  by  the  following : — 
1.  The  working  and  getting  of  the  coal  at  the  face.  2.  De- 
crepitation of  the  pillars  and  coal  scattered  in  the  roadways. 
3.  Leakage  from  tubs  and  boxes.  The  remedies  for  these 
evils  may  be  foimd  in  the  following : — 1st.  Mode  of  working, 
in  which  there  is  not  much  room  for  improvement ;  the  long- 
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wall  system  being  considered  much  superior  to  pillar  and 
stall,  as  it  does  not  leave  any  pillars  to  crush  and  decrepitate, 
which  when  being  removed  produce  a  large  amount  of  fine 
dust.  2nd.  In  the  mode  of  haulage  and  form  of  tubs  there 
is  probably  the  most  room  for  improvement,  as  the  systems  in 
use  in  many  collieries  are  very  prolific  in  the  generation  of 
fine  dust.  The  worst  of  which  seems  (a)  the  use  of  boxes 
made  of  green  timber,  which  after  a  few  weeks  use  in  a  dry 
mine  shrink  and  leave  a  wide  space  between  the  boards, 
through  which  the  dust  is  continually  falling ;  (6)  the  form 
of  boxes  in  use  in  some  of  the  South  Wales  collieries,  which 
have  the  sides  constructed  of  a  lattice  work  of  iron.  The 
remedies  for  these  are — (a)  The  use  of  dried  and  well- 
seasoned  timber  in  the  construction  of  wooden  boxes,  which 
should  in  all  cases  have  grooved  or  covered  joints.  (6)  The 
use  of  sheet  iron  boxes,  fitted  with  wooden  or  india-rubber 
buffers  to  reduce  the  shock  caused  by  the  boxes  jamming 
against  each  other,  (c)  The  systems  of  haulage  at  high 
speeds,  are  probably  the  greatest  producers  of  dust,  and 
wherever  possible  should  be  superseded  by  some  form  of 
haulage  that  can  be  carried  out  at  speeds  of  two  to  three 
miles  an  hour,  such  as  endless  rope  or  chain  with  a  double 
line  of  rails.  After  having  as  far  as  possible  remedied  the 
causes  of  dust  generation  (which  remedies  can  be  only 
partially  successful),  there  must  next  be  considered  the 
means  available  for  dealing  with  dust  in  mines.  The  first 
consideration  must  be  its  removal  from  the  workings;  and 
the  next  how  to  render  its  properties  of  danger  harmless. 
With  reference  to  the  former,  the  removal  of  the  dust  entirely 
is  not  practicable,  for  to  be  done  properly  would  require  an 
army  of  scavengers  being  kept  constantly  at  work,  and  even 
then  the  finest  and  most  dangerous  particles  would  still 
remain ;  again,  unless  water  is  copiously  applied  during  its 
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removal  large  clouds  of  fine  dust  will  be  constantly  passing 
with  the  currents  of  air  to  the  danger  of  the  mine,  and  will 
be  again  deposited  on  the  roof,  sides,  and  floor  of  the  road- 
ways.    With  reference  to  the  latter  consideration,  viz.,  how 
to  render  the  dust  harmless,  there  have  been  several  methods 
proposed.     1.  It  has  been  proposed  to  raise  the  temperature 
of  the  intake  air  to  the  natural  heat  of  the  mine ;  it  being 
claimed  that  all  air  entering  the  mine  at  a  low  temperature 
is  gradually  raised,  in  doing  which  most  of  the  moisture  is 
evaporated  from  the  da«t.     This  antidote  (which  would  only 
prove  partially  effective)  is  most  impracticable,  at  it  would 
be  very  costly  to  artificially  heat  the  air  some  20  to  40 
degrees,  and  as  deep  mines  are  at  present  much  too  hot  for 
comfortable  working,  if  the  temperature  of  the  mine  be  thus 
increased,  as  it  would  by  the  suggested  method,  it  would 
probably  necessitate  the  paying  of  extra  wages  in  the  getting 
of  the  coal.     The  heated  air  would  probably  affect  the  roof 
and  sides  of  the  mine,  and  also  decrease  the  quantity  and 
efficiency  of  the  ventilation,  so  making  the  "  cure  worse  than 
the  disease."     2.  Strewing  the  workings  with  common  salt  or 
brine  has  been  proposed,  and  is  used  to  some  extent  to  keep 
the  dust  in  a  moist  condition.     It  gives  good  results  if  used 
on  the  following  basis :  One  pound  of  salt  per  square  yard  of 
area,  applied  once  a  week  for  first  month,  and  once  a  month 
afterwards.     Its  use  has  the  following  disadvantages :  Salt  is 
expensive,  costing  about  9s.  per  ton  (though  if  used  exten- 
sively it  could  probably  be  obtained  at  a  cheaper  rate).     The 
cost  of  labour  in  spreading  the   salt   will   be   heavy,  and 
additional  matter  will  have  to  be  removed,  this  again  adding 
to  the  already  heavy  cost  of  working  mines.     3.  The  turning 
of  exhaust  steam  into  the  air  courses  has  been  proposed,  but 
anyone  who  has  had  to  do  with  steam  engines  in  a  mine, 
knows  the  havoc  it  works  with  a  roof  composed  of  shale. 
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therefore  there  is  little  probability  of  this  method  being  used 
to  any  extent.  4.  The  best  and  most  practical  method  is  the 
watering  of  the  roads  by  (a)  water  carts  or  (6)  the  laying  of 
pipes  in  the  haulage  roads  and  main  air  courses ;  both  of 
these  methods  have  their  advantages  and  disadvantages. 
These  require  very  careful  consideration,  as  it  will  be  in  these 
directions  that  the  solution  of  the  problem  must  be  expected, 
(a)  The  watering  of  main  intakes  and  returns  by  water  carts, 
of  which  there  were  several  varieties,  viz.,  ordinary  water 
carts  with  holes  in  the  bottom,  carts  constructed  on  similar 
lines  to  those  used  in  street  watering,  with  a  pipe  at  the  back 
to  diffuse  the  water  by  its  flowing  through  small  apertures  in 
the  pipe.  A  very  ingenious  cart  was  constructed  by  Messrs. 
Smethurst  for  use  in  their  mines  at  the  Garswood  Hall 
Colliery.  It  consisted  of  an  ordinary  water  barrel  mounted 
on  tram  wheels.  At  one  end  was  fixed  a  hollow  circular  rose 
perforated  with  small  holes  round  its  circumference,  and 
connected  by  gearing  to  a  toothed  wheel  on  the  axle  of  the 
tram  wheels.  The  water  was  delivered  into  the  centre  of  the 
rose  or  disc,  which,  revolving  very  rapidly  when  the  tub  was 
in  motion,  scattered  the  water  by  centrifugal  force  against 
the  roof,  sides,  and  floor  of  the  roadways.  The  disadvantages 
of  this  system  are — 1st.  The  cost  of  conveying  the  cart  about 
the  mine,  which  will  also  interfere  with  the  ordinary  coal 
traflSc.  2nd.  The  cost  of  keeping  a  road  constantly  laid  in 
the  return  air  courses.  3rd.  The  water  falling  in  one  place 
only  when  the  carts  are  stationary,  will  have  an  injurious 
efiect  on  the  floor  in  that  particular  spot ;  this,  however, 
can  be  remedied  by  so  arranging  the  cart  that  it  shall  auto- 
matically close  the  outlet  when  the  cart  is  not  in  motion. 
The  second  system  consists  of  the  laying  of  water  pipes  along 
the  sides  of  the  main  roads  and  air  courses ;  this  appears  the 
most  feasible,  if  properly  arranged  to  conduct  water  from  the 
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sur&ce,  or  any  convenient  level  in  the  shaft.  The  pipes 
being  provided  at  suitable  intervals  with  collections  of  small 
holes  or  apertures  to  di£fuse  the  water,  in  the  form  of  five 
sprays  into  the  roads.  The  distance  apart  of  these  sprays 
would  have  to  be  determined  by  practice,  and  should  hardly 
need  to  be  less  than  10  to  20  yards.  This  system  if  properly 
carried  out  with  a  good  head  of  water,  possesses  the  following 
advantages : — 1.  Is  a  very  efficient  method,  as  the  water  can 
be  turned  on  when  the  mine  is  not  working  so  as  to  cause  no 
inconvenience  to  the  men  employed.  2.  Does  not  require 
the  keeping  of  a  permanent  road  in  the  return  airways. 
3.  After  the  first  cost  of  pipes  and  fixing  would  not  require 
any  heavy  expense  to  keep  in  working  order.  4.  Would 
prove  of  great  service  in  case  of  fire  in  the  mine.  5.  Can  be 
connected  with  the  working  face  and  drawing  roads  by 
flexible  tubing.  6.  Will  not  injure  the  health  of  the  men  as 
the  atmosphere  will  not  be  saturated  with  moisture  in  sus- 
pension during  the  time  the  men  are  at  work.  7.  Can  be  so 
r^ulated  that  only  the  proper  amount  of  water  shall  fall  on 
the  roadways  to  damp  the  dust,  as  with  a  soft  flood  the 
water  in  excess  will  cause  the  warrant  to  heave.  Its  dis- 
advantages are: — 1.  First  cost  of  pipes  and  fixing,  which 
will  be  heavy.  2.  Danger  of  the  small  apertures  becoming 
clogged  by  dust  and  dirt.  3.  Danger  of  the  pipes  being 
broken  by  falls  of  roof  and  sides,  and  the  lifting  of  the  floor. 
These  can  be  somewhat  guarded  against  by  having  the  pipes 
slung  firom  the  timbers,  and  providing  expansion  joints  and 
stop-cocks,  so  that  the  water  can  be  tiu-ned  off"  at  any 
particular  point  or  branch  during  repairs.  4.  The  necessity 
of  having  clean  water  bee  from  all  matter  in  suspension  and 
accompanied  by  a  good  pressure,  this  again  being  of  itself  a 
counter  disadvantage,  as  it  necessitates  the  use  of  stronger 
pipes.     5.  The  necessity  of  having  suitable  settling  tanks 
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therefore  there  is  little  probability  of  this  method  being  used 
to  any  extent.  4.  The  best  and  most  practical  method  is  the 
watering  of  the  roads  by  (a)  water  carts  or  (6)  the  laying  of 
pipes  in  the  haulage  roads  and  main  air  courses;  both  of 
these  methods  have  their  advantages  and  disadvantages. 
These  require  very  careful  consideration,  as  it  will  be  in  these 
directions  that  the  solution  of  the  problem  must  be  expected, 
(a)  The  watering  of  main  intakes  and  returns  by  water  carts, 
of  which  there  were  several  varieties,  viz.,  ordinary  water 
carts  with  holes  in  the  bottom,  carts  constructed  on  similar 
lines  to  those  used  in  street  watering,  with  a  pipe  at  the  back 
to  diffuse  the  water  by  its  flowing  through  small  apertures  in 
the  pipe.  A  very  ingenious  cart  was  constructed  by  Messrs. 
Smethurst  for  use  in  their  mines  at  the  Garswood  Hall 
Colliery.  It  consisted  of  an  ordinary  water  barrel  mounted 
on  tram  wheels.  At  oue  eud  was  fixed  a  hollow  circular  rose 
perforated  with  small  holes  round  its  circumference,  and 
connected  by  gearing  to  a  toothed  wheel  on  the  axle  of  the 
tram  wheels.  The  water  was  delivered  into  the  centre  of  the 
rose  or  disc,  which,  revolviug  very  rapidly  when  the  tub  was 
in  motion,  scattered  the  water  by  centrifugal  force  against 
the  roof,  sides,  and  floor  of  the  roadways.  The  disadvantages 
of  this  system  are — 1st.  The  cost  of  conveying  the  cart  about 
the  mine,  which  will  also  interfere  with  the  ordinary  coal 
traflSc.  2nd.  The  cost  of  keeping  a  road  constantly  laid  in 
the  return  air  courses.  3rd.  The  water  falling  in  one  place 
only  when  the  carts  are  stationary,  will  have  an  injurious 
effect  on  the  floor  in  that  particular  spot ;  this,  however, 
can  be  remedied  by  so  arranging  the  cart  that  it  shall  auto- 
matically close  the  outlet  when  the  cart  is  not  in  motion. 
The  second  system  consists  of  the  laying  of  water  pipes  along 
the  sides  of  the  main  roads  and  air  courses ;  this  appears  the 
most  feasible,  if  properly  arranged  to  conduct  water  from  the 
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sur&ce,  or  any  conyenieDt  level  in  the  shaft*  The  pipes 
being  provided  at  suitable  intervals  with  collections  of  small 
holes  or  apertures  to  di£fuse  the  water,  in  the  form  of  five 
sprays  into  the  roads.  The  distance  apart  of  these  sprays 
would  have  to  be  determined  by  practice,  and  should  hardly 
need  to  be  less  than  10  to  20  yards.  This  system  if  properly 
carried  out  with  a  good  head  of  water,  possesses  the  following 
advantages : — 1.  Is  a  very  efficient  method,  as  the  water  can 
be  turned  on  when  the  mine  is  not  working  so  as  to  cause  no 
inconvenience  to  the  men  employed.  2.  Does  not  require 
the  keeping  of  a  permanent  road  in  the  return  airways. 
3.  After  the  first  cost  of  pipes  and  fixing  would  not  require 
any  heavy  expense  to  keep  in  working  order.  4.  Would 
prove  of  great  service  in  case  of  fire  in  the  mine.  5.  Can  be 
connected  with  the  working  face  and  drawing  roads  by 
flexible  tubing.  6.  Will  not  injure  the  health  of  the  men  as 
the  atmosphere  will  not  be  saturated  with  moisture  in  sus- 
pension during  the  time  the  men  are  at  work.  7.  Can  be  so 
r^ulated  that  only  the  proper  amoimt  of  water  shall  fall  on 
the  roadways  to  damp  the  dust,  as  with  a  soft  flood  the 
water  in  excess  will  cause  the  warrant  to  heave.  Its  dis- 
advantages are: — 1.  First  cost  of  pipes  and  fixing,  which 
will  be  heavy.  2.  Danger  of  the  small  apertures  becoming 
clogged  by  dust  and  dirt.  3.  Danger  of  the  pipes  being 
broken  by  fidls  of  roof  and  sides,  and  the  lifting  of  the  floor. 
These  can  be  somewhat  guarded  against  by  having  the  pipes 
slung  firom  the  timbers,  and  providing  expansion  joints  and 
stop-cocks,  so  that  the  water  can  be  turned  ofi*  at  any 
particular  point  or  branch  during  repairs.  4.  The  necessity 
of  having  clean  water  bee  from  all  matter  in  suspension  and 
accompanied  by  a  good  pressure,  this  again  being  of  itself  a 
counter  disadvantage,  as  it  necessitates  the  use  of  stronger 
pipes.     5.  The  necessity  of  having  suitable  settling  tanks 
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almost  mankgiers  make  remarks  in  that  direction.  They 
said  they.dld  not  like  to  trust  entirely  to  glass.  The  reason 
for  thisT'iiiisgiving  was  that  the  lamp  now  used  depends  on 
glass  "alone,  and  because  it  is  made  up  of  so  many  parts  that 
it  is  .difficult  to  fit  and  liable  to  be  passed  when  it  is  not  in 
.^*^fe  condition  r   also  because  the  gauze  was  so  hidden  by 

/.* screens  that  it  was  quite  impossible  to  examine  the  lamp. 

'  -indeed,  one  had  to  take  it  for  granted  that  there  was  a 
gauze  in  it  at  all.  In  selecting  a  lamp  for  a  colliery,  one 
must  take  all  the  circumstances  into  consideration ;  but  we 
seemed  lately  to  have  taken  only  one  circumstance  into 
consideration,  and  that  was  that  the  lamp  should  withstand 
a  high  velocity  of  explosive  atmosphere.  This  doubtless  was 
a  most  important  consideration,  but  he  thought  there  were 
other  things  that  should  be  taken  into  account.  In  all  his 
experience  he  had  only  once  seen  an  explosive  current 
travelling  quickly,  and  almost  daily  he  saw  accumulations  of 
gas  in  quiet  parts  of  the  mine.  That  being  so,  they  wanted 
a  lamp  that  would  be  safe  in  quiet  parts  of  the  mine  more 
than  one  that  would  be  safe  in  an  explosive  current  travelling 
rapidly,  because  the  lamp  had  to  be  taken  to  quiet  parts 
wh«re  there  might  be  gas  every  day,  whereas  the  other 
circumstance — a  high  velocity  of  explosive  air — might  never 
occur  in  the  history  of  the  colliery.  He  thought,  also,  that 
the  contingency  of  a  glass  lamp  getting  broken  in  the  neigh- 
bourhood of  quiet  gas  was  much  nearer  than  the  contingency 
of  a  gauze  lamp  passing  the  gas  through  meeting  with  a 
current  travelling  at  a  high  speed.  The  lamp  he  now 
submitted  had  been  contrived  with  the  object  of  doing  away 
with  the  dependence  upon  glass.  Although  the  glass  might 
be  broken  in  this  lamp,  they  still  had  the  gauze  to  protect 
them  from  firing  the  gas.  Another  recommendation,  to 
his  mind,  was   the   simplicity   of  the  lamp's  construction. 
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Instead  of  consisting  of  12  or   14   different  pieces,  there 
were  only  five,  and   the  lamp  could  be  examined  at  any 
time  of    the   day,  there  being  nothing  hidden   about  it^ 
His    experience    taught    him     that    accidents    frequently 
happened  to  lamps   in   miues,   and   where   the  protectiou 
of  the  light  was  simply  glass   there  was  great  risk  of  an 
explosion.     In  the  case  of  the  lamp  uuder  review,  if  the 
glass  shield  got  broken,  there  was  the  gauze  to  protect  the 
miner  from  destruction.     He  did  not  want  it  to  be  under- 
stood  that  in  his  view   a   lamp  with   the  gauze  entirely 
unprotected  would  be  a  good  thing,  or  that  the  old  Davy 
should  be  continued.     He  thought   that   the   days  of  the 
Davy  had  gone  past,  that  is,  in  its  unprotected  state,  but  his 
view  was  that  it  will  be  a  very  bad  thing  if  they  discard  the 
gauze.    It  seemed  to  him  that  the  gauze  had  really  been  the 
great  safety  in  the  past,  and  he  thought  that  it  was  likely  to 
be  so  in  the  future.     The  lamp   before  the   meeting  was 
merely  a  step  in  the  direction  that  he  had  pointed  out.     He 
believed  that  if  they  could  get  a  lamp  without  discarding 
the  gauze  that  would  give  sufficient  light,  that  was  the  lamp 
they  wanted.     And  he  did  not  think  the  light  was  of  so 
much  importance  as  some  people  seemed  to  think.    He  did 
not  believe  that  anybody  was  ever  killed  by  a  fall  of  roof 
because  he  had   not   sufficient   light.      Many  persons   got 
killed  by  &lls  of  roof,  not  because  they  could  not  see  it,  but 
because  they  looked  at  it  and  misjudged  the  security  of  the 
roof.     The  lamp  was  not  the  subject  of  any  patent,  and  he 
would   be   glad   if  anybody   could    improve   on   it   in   the 
direction  he  had  pointed  out. 


In  answer  to  Mr.  B.  Pickard, 

Mr.   Hall   said   the   lamp   was  nearly  as  good  as  the 
Mueseler  lamp  in  regard  to  light.     It  gave  a  much  whiter 
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flame  than  an  ordinary  Davy  lamp,  on  account  of  its  burning 
in  a  chimney.  Replying  to  the  Chairman,  he  said  the 
object  of  the  small  glass  inside  was  to  prevent  the  current  of 
air  flowing  on  to  the  gauze.  The  lamp  kept  on  burning  the 
same  as  an  ordinary  Davy  in  an  explosive  atmosphere. 

Mr.  Teale  :  Is  not  the  principle  the  same  as  that  of  a 
Stephenson  lamp  as  regards  ventilation  ? 

Mr.  Hall:  Very  nearly,  except  that  the  air  is  lifted  up  by 
the  inner  glass. 

Mr.  Teale  thought  there  was  a  danger  of  the  lamp 
getting  over-heated,  and  expressed  the  opinion  that  the  lamp 
would  explode  sooner  than  the  Stephenson  lamp. 

Mr.  Hall  said  the  lamp  had  been  subjected  to  a  severe 
test,  and  it  did  not  show  any  sign  of  exploding  or  of  over- 
heating the  glass. 

Mr.  Mercier  observed  that  in  the  Stephenson  lamp  the 
air  goes  to  the  gauze  directly,  whereas  in  Mr.  Hall's  lamp  it 
could  not  do  that. 

Mr.  Hall  said  the  gauze  was  in  this  case  a  little  smaller 
than  in  the  Stephenson  lamp,  and  the  glass  was  larger. 

Mr.  H.  Bramall  (Pendlebury)  said  the  Stephenson  lamp 
did  not  depend  on  the  gauze  for  its  safety.  The  air  was 
admitted  below  the  flame,  through  openings,  which  were 
of  such  a  size  that  their  effect  in  resisting  the  passage  of 
flame  was  the  same  as  if  they  were  holes  in  gauze,  and 
it  was  not  safe.     The  great  drawback,  to  his  thinking,  of 
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shielded  Davj  lamps  was  the  diminished  light.  Now,  the 
use  of  a  lamp  was  to  afford  light  to  work  by,  but  people  had 
gone  on  shielding  the  Davy  till  very  little  light  was  left. 
They  could  not  overcome  the  prejudice  of  collieis  against 
safety  lamps  unless  a  good  light  was  provided.  Taking  all 
things  into  consideration,  he  had  come  to  the  conclusion 
that  the  best  lamp  was  the  Marsaut  lamp.  He  agreed  with 
Mr.  Hall  that  the  commonest  risks  were  met  with  in  testing 
for  gas  in  still  atmospheres  or  when  bodies  of  gas  travelling 
at  gentle  speeds  came  in  contact  with  a  lighted  lamp,  and 
what  was  wanted  was  a  lamp  that  will  afford  safety  under 
such  circumstances,  while  able  also  to  withstand  considerable 
velocity. 

Mr.  C.  PiLKlNGTON  (Haydock)  admitted  that  it  was 
necessary  to  have  a  lamp  that  was  safe  in  still  air  of  an 
explosive  nature.  Still  they  had  to  guard  against  extra- 
ordinary occurrences,  and.  as  there  may  be  falls  of  roof 
'which  would  drive  out  a  current  of  gas,  there  ought  to  be  a 
lamp  which  will  stand  a  high  velocity.  Otherwise  it  would 
not  be  a  safe  lamp.  At  Haydock  several  kinds  of  lamps 
were  in  use,  but  the  Marsaut  found  most  favour. 

Mr.  Teale  remarked  that  there  are  between  250  and  300 
different  kinds  of  lamps,  and  that  amongst  the  confusion  and 
multitude  of  thoughts  it  was  most  dilBeult  to  arrive  at  a 
solution  of  the  problem.  He  suggested  that  the  parties 
most  interested  in  the  matter  should  state  precisely  the 
conditions  which  they  wanted  a  lamp  to  fulfil,  and  then  if  a 
lamp  were  produced  which  met  those  requirements,  they 
should  accept  it,  and  not  subject  it  to  all  sorts  of  tests 
which  were  never  met  with  in  the  actual  working  of  a 
mine.  Mr.  Teale  also  pointed  out  a  few  things  which,  in  his 
opinion,  were  disadvantages  in  the  Marsaut  lamp. 
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Mr.  B.  PiCKARD  expressed  the  view  that  the  presence  of 
so  much  glass  about  the  lamp  was  a  disadvantage,  as  it  was 
so  liable  to  get  broken.  H?  thought,  at  the  same  time,  that 
an  effort  should  be  made  to  improve  the  illimiinating  power 
of  the  coal-miner's  lamp,  and  for  that  purpose  he  preferred 
the  mineral  oil  to  the  vegetable  oil.  He  considered  that  the 
Marsaut  and  the  Mueseler  were  very  effective  lamps. 

Mr.  Hall  briefly  replied,  after  which  a  vote  of  thanks  was 
accorded  to  him  for  his  exhibition  and  description  of  the 
lamp,  and  the  meeting  terminated. 


The  diacuaaion  mi  Mr.  Merciei'^a  Papei*  on  ^'Duat  in 
Mi/aes^^  poatponed  to  the  next  Wigan  Meeting. 


TRANSACTIONS 

OP  THS 

MANCHESTER    GEOLOGICAL    SOCIETY, 


Pakt  V.  Vol.  XIX.  Session  1886-7. 


The  Ordinary  Meutino  of  the  Members  was  held 
on  Tuesday,  February  1st,  1887,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  G-eorge 
Street. 

Mr.  Henry  Hall,  H.M.  Inspector  of  Mines, 

in  the  Chair. 


NEW  MEMBEB. 


The    following   gentleman   was    balloted  for  and  unani- 
mously elected  an  Ordinary  Member  of  the  Society: — 

Mr.   William  Campbell,   Sutton  Heath  Collieries,   St. 
Helens. 


The  following  are  the  recent  additions  to  the  Library : — 

Bel^t  Natural  History  Society :  Report  and  Proceedings,  1885-86. — 

From  the  Society. 
Chesterfield     and     Midland     Counties     Institution     of     Engineers : 

Transactions,  Part  4,  Vol.  XV. — From  the  Institution . 
Edinburgh — Royal    Physical    Society:     Proceedings,    1885-86. — From 

the  Society. 
Glasgow — Oeological    Society    of    Glasgow:    Transactions,    Part    1, 

Vol.  VIII.     Catalogue  of  Library,  1886. — From  the  Society. 
Leeds — Yorkshire  Naturalifts*  Union  :  Transactions,  Parts  1-9. — From 

the  Union. 
London — Royal  Society  :  Proceedings,  Nos.  247-9. — From  the  Society. 
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London— Institution  of  Mechanical  Engineers :  Proceeding!,  Nos.  3-4.— 
From  the  Institutum. 

Geological  Magazine,  Nos.  270-272.— iVrcAtfMtf. 

Manchester  Association   of    Engineers:    Two   Pamphlets. — From  tht 

AssoeiatioH. 
Midland    Institute    of    Mining    Engineers:     Transactions,    Part    84, 

Vol.  X. — F^om  the  Inetitute. 
Mining  Institute  of  Scotland :  Transactions,  Parts  6  and  7.     Glossary 

of  Scotch  Mining    Terms. — From  the  Institute, 
Salford— Thirty-eighth   Annual    fteporfe    of    Museum,  Libraries,  and 

Parks  Committee. 
Notes  on  **  Cone-in-Cone'*  Structure,  by  W.  S.  Gresley.    Pamphlet.— 

From  the  Author. 
Origin  of  Mountain  Ranges,  by  T.  Mellard  Reade. — Purehaeed, 
(Jeology  of  Yorkshire  Coal  Field,  by  A.  H.  Green  and  others  (Surrey 

Memoir) . — Purchased. 
Belfast  Natural  History  Society:    Proceedings,    1871-2  to   1873-4.— 

Presented  by  W.  Whitaker,  FG.8. 
U.S.A. :    Geological    and    Gtx)graphical    Survey  of    the  Territories : 
Bulletin,   Nos.    2-6,    Second   Series;    Bulletin,    Vol.    IV.,  Nos. 
1-4;   Bulletin,   Vol.  V.,  Nos.    2-4.      Catalogue  of   Publications, 
Geological    and    Geographical    Survey.      Sketch  of    Orig^  and 
Progress  of  Geological  and  Geographical  Survey.    Proceedings  of 
Academy    of   Natural    Sciences   of   Philadelphia,   Part   3,    1878; 
Parts  1-3,  1879;    Parts  1-3,  1880;  Part  2,  1881.      Six  PamphleU 
on  Water  Supply,  etc,  by  W.  Whitaker,  F.G.S.      One  Pamphlet 
on   Bournes,  by  H.  H.  French.    Travels  in  the  Tarentaise,  by 
R.  Bakewell ;  2  Vols.    Geological  Pamphlets  by  0.  Provost ;  1  Vol. 
Presented  by  W.  Whitaker,  F.G.S. 
Canada:   Geological  and  Natural  History  Survey  of  Canada,  Annual 
Report,  Vol.  I.,  1886.     Maps  to  accompany  Annual  Report,  1886. — 
From  Lr.  A.  R.  C.  Selwyn. 
U.S.A.:     Cambridge— Annual    Report    of    Museum    of    Comparative 
Zoology,  Harvard  College,  1886-86.— i^rcwi  A,  Agassiz. 

Geological  Survey  of    Pennsylvania :   Annual   Report,    1886 ; 

Atlas  to  accompany  the  above. — From  J.   P.   Lesley,    State 
Geologist. 

Philadelphia :   Journal  of  Franklin  Institute,  Nos.  732-733.— 

From  the  Institute. 

Washington :  United  States  Geological  Survey  :  Bulletin,  Nos. 

27-29. — From  the  Government. 
Paris :  Catalogue  Illustr^  des  Coquilles  Fossiles  des  Environs  de  Paris, 
by  M.  Cossmann.    Revue  de  la  Legislation  des  Mines,  Sep.-Oct., 
ISSe.'-Purehased. 
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Halle:  Leopoldina;  Vol.  XXI.    Leop.  Oarol.  Deutschen  Akademie der 

NaturfoTflcher,  Band.  48,    No.    3.      Tertiarflora,    &c. — From  the 

Academy. 
Boma:  Atti  della  Beale  Accademia  del  Lincei;  Rendioonti,  Faac.  10-12, 

Vol.  XI. — jFVwn  the  Academy. 
BL  Peterabourg  :  Bulletin  de  TAcademie  Imp^riale  des  Sciences,  Tome 

31,  No.  2.     M^moires,  Tome  34,  Nos.  6-6. — From  the  Academy. 
Australia :    Gk)ld  Fields  of  Victoria ;    Reports  of  Mining  Registrars, 

30th  September,  1886. — From  the  Government. 


FALL  OF  ROOF  IN  A  MINE  AT  LITTLE  LEVER. 


Mr.  M.  Stirrup  (Honorary  Secretary)  called  attention  to 
some  specimens  on  the  table,  and  said  that  in  a  recent 
number  of  the  Manchester  Cfuardian  there  appeared  a  para- 
graph giving  an  account  of  a  fall  of  roof  in  a  colliery  at 
Little  Lever,  near  Bolton,  belonging  to  Messrs.  Fletcher,  by 
which  one  man  was  killed.  The  stone  which  fell  was 
supposed  by  the  writer  of  the  paragraph  to  have  been  a 
meteorite.  He  (Mr.  Stirrup)  wrote  to  Messrs.  Fletcher  to 
ask  if  they  would  be  so  good  as  to  send  him  fragments  of 
the  stone,  and  he  very  soon  received  from  them  the  specimens 
which  lay  upon  the  table,  together  with  some  particulars  in 
writing.  The  following  was  Messrs.  Fletcher's  communi- 
cation : — 

Stopes  Colliery,  Little  Lever,  near  Bolton, 

January  11th,  1887. 

On  Thursday,  December  30th,  1886,  a  fatal  accident  happened  to  a 
man  named  John  Kay,  by  a  fall  of  roof.  A  son  of  his  was  working 
beside  biTn  and  asked  him  to  sound  the  stone  above  his  head ;  he  did 
00,  and  said  it  was  quite  solid ;  in  a  few  seconds  Kay  was  killed  by 
the  stone  falling  upon  him. 

The  stone,  which  was  composed  of  a  black  shale  coating,  the  coating 
vaxying  from  one  inch  to  two  inches  in  thickness,  and  the  rest  of  it 
white  sandstone,  gave  it  a  very  solid  sound.  The  dimensions  of  it  were 
7ft.  long,  4ft.  Gin.  wide,  and  2ft.  4in.  at  the  thickest  part ;  the  other 
side  ran  out.  It  is  thought  the  stone  fallen  is  about  one-half  of  the 
whole.    It  is  very  hard,  and  about  two  tons  in  weight.    Some  of  the 
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shale  round  it  wma  Tery  Uack,  mud  of  a  polidied  nature ;  it  could  be 
rubbed  in  the  hands,  and  felt  like  grains  of  com. 

From  inquiries  made,  these  stones  are  not  plentiful  at  Stopes 
OoUieiy,  only  seTen  haying  been  seen  altogether,  one  at  about  sixty 
yards  further  on  the  road  than  n^ieare  Kay  was  kiUed ;  the  siae  wu 
9ft  long  by  7ft.  wide  and  3ft.  thick. 

Another  is  to  be  seen  in  the  same  level  fifty  yards  nearer  the  shunt; 
it  is  6ft.  wide,  length  and  thickness  not  known. 

Another  one,  four  yards  lower  down,  presented  itself,  but  only  3ft 
diameter ;  thickness  not  known. 

Some  years  ago,  two  were  found  in  a  level  at  a  point  about  five 
hundred  yards  from  the  four  just  mentioned,  these  two  doee  together, 
only  a  few  inches  separating  them.  In  length  of  time  the  larger  one 
of  the  two  had  to  be  removed,  then  it  was  found  to  be  6ft.  thick  in 
the  centre,  the  width  was  about  10ft,  the  length  is  not  known  because 
one  end  was  on  the  coal  in  the  higher  side  of  the  level,  and  the  other 
end  on  the  lower  side ;  that  piece  of  stone  on  the  higher  side  was  2ft 
in  the  thickest  part,  and  that  on  the  lower  side  was  4ft.  thick. 

The  other  one,  dose  to  it,  was  only  about  2ft  6in.  diameter ;  the 
black  shale  came  off  it ;  the  other  part  was  found  to  be  white  sand- 
stone. 

At  a  distance  of  about  450  3^ards  west  of  these  two,  one  was  found 
about  12ft.  long,  Oft.  wide,  and  Oft  thick ;  all  the  othera  had  partly 
embedded  themselves  in  the  coal,  except  the  two  smaller  ones,  but 
this  one  displaced  the  coal  altogether,  the  men  worked  the  coal  all 
round  it,  then  it  had  the  appearance  of  a  huge  boulder. 

None  of  these  stones  have  been  known  to  fall  before ;  when  wanted 
down  they  have  had  to  be  blasted. 

On  Friday  last  piece  of  stone  was  sent  to  you  as  requested. 

Yours  truly, 

James  Seddon. 

Mr.  Stirrup  said  that,  knowing  some  of  the  members  were 
occupying  themselves  with  the  subject  of  the  occurrence  of 
boulders  in  coal  seams,  he  thought  the  so-called  meteorite 
would  turn  out  to  be  one  of  them,  but  the  specimen  before 
them  with  the  polished  carbonaceous  coating  was  apparently 
a  fine-grained  sandstone,  slightly  micaceous,  whereas  the 
boulders  he  had  previously  seen  from  the  Lancashire  coal- 
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field  had  usually  been  quartzite.     He  asked  Mr.  Wild  for 
his  opinion. 

Mr.  Wild  said  that  specimens  like  those  exhibited  were 
not  boulders,  and  represented  merely  little  patches,  or  pockets, 
of  sandstone.    He  had  met  with  such  instances  in  the  mines 
at  Bardsley,  and  had  also  seen  them  near  Burnley,  where 
they  would  sometimes  start  from  a  feather-edge  and  thicken 
out  to  two  or  three  feet — ^a  tough  white  sandstone.     They 
were  not  unfrequently  found  with  a  raised  centre;  this  arose 
from  the  fact  of  their  hardening  sooner  than  the  soft  mud 
that  lay  above  them;  they  had  sunk  in  the  coal  and  held 
position  in  the  roof  through  hardening  before  the  shale.     It 
was  a  mistake  to  call  them  boulders.     They  are  sometimes 
stratified  as  if  current-bedded,   the  lines  of  stratification 
being  unconformable  to  the  bed  of  coal,  or  the  shale  roof, 
by  which  they  are  surrounded,  occasionally  to  the  extent 
of  45  degrees,  and  in  many   cases  contain  impurities   of 
pyritous  matter,  probably  derived  from  the  underlying  sub- 
stance  which  should   form  the  future  coal-bed  on  which 
they  are  deposited. 

Mr.  Stirrup:  There  are  marks  of  rubbing,  apparently 
on  this. 

Mr.  Wild:  Yes;  it  is  merely  caused  by  the  friction  from 
compression  of  the  softer  sediment  around  it,  after  partial 
consolidation  and  superimposed  weight. 

Mr.  Burrows:  But  in  many  mines  there  are  much  deeper 
groovings  than  these — the  Trencherbone  particularly.  The 
coal  is  grooved  as  if  by  a  glacier. 

Mr.  Watts:  It  is  unusual,  I  think,  for  a  practical  person 
not  to  be  able  to  detect  by  sounding  when  the  roof  is  about 
to  give  way.  My  experience  goes  thus  far — that  if  the 
stone  be  loose  there  is  little  or  no  difficulty  in  detecting  that 
it  is  loose,  except  when  you  are  dealing  with  a  huge  mass. 
Then  it  may  be  somewhat  difficult.  I  should  advise  a  more 
extended  sounding — ^not  a  mere  tapping  just  over  head,  or 
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to  right  or  left — my  impression  being  that  if  the  men  were 
instructed  to  extend  their  tapping  over  a  larger  area  they 
would  be  able  to  detect  any  looseness  which  may  exist  in  the 
roof.  But  at  first  it  is  difficult  to  get  an  idea  by  this 
means  in  a  soft  material,  more  so  than  when  you  are  dealing 
with  a  hard  rock. 

Mr.  G.  E.  Newton  :  These  things  are  rather  common  in 
the  Forest  of  Dean  coalfield,  and  are  looked  upon  merely  as 
sandbanks,  as  Mr.  Wild  has  said,  nothing  more. 

Mr.  Stirrup  said  Mr.  Burrows  had  spoken  of  scoring  and 
rubbing  shown  upon  the  coal  itself.  What  would  he  suggest 
was  the  cause  of  that  ? 

Mr.  Burrows  said  he  could  hardly  tell ;  but  the  Trencher- 
bone,  where  the  scorings  were  most  perceptible,  was  a  good 
deal  cut  up  with  faults. 

The  Chairman  said  the  stone  before  them  had  a  reiy 
familiar  appearance.  He  had  frequently  seen  similar 
blocks ;  but  he  never  quite  knew  how  they  came  to  be  so 
slippery  on  one  side. 

Mr.  Stirrup  said  they  would  all  like  to  have  that  ex- 
plained. He  asked  Mr.  Wild  if  the  scorings  on  what  might 
be  called  the  true  boulders — that  was,  the  quartzite — were 
different  in  character  from  the  rubbings  on  such  a  piece  of 
rock  as  this. 

Mr.  Wild  :  No ;  there  are  no  scorings,  that  I  have  seen, 
on  the  boulders,  except  what  may  have  arisen  from  the 
settling  of  the  shale  around  the  hard  boulder,  giving  a 
slightly  striated  character  to  the  carbonaceous  film  by  which 
it  is  coated. 

Mr.  Stirrup  :  You  consider  the  cause  the  same  P 

Mr.  Wild  :  Yes. 

Mr.  Stirrup:  Not  due  to  ice,  as  has  sometimes  been 
suggested  P 

Mr.  Wild  :  Not  in  their  present  position.  On  the  coast 
line,  from  where  they  have  probably  been  washed  away, 
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tkey  may  have  been  grooved,  but  there  is  nothing  likely  to 
groove  them  in  the  mine,  being  surrounded  only  with  fine 
shale.  With  reference  to  sounding  the  roof  in  broken  beds 
of  rock,  Mr.  Wild  remarked  upon  the  efPect  of  tempera- 
ture in  deep  mines.  The  rock,  he  said,  might  sound  quite 
solid  when  thus  tested,  but  the  heat  of  the  mine  might, 
by  unequal  expansion,  cause  a  slip,  of  which  they  would  not 
have  the  least  warning. 

Mr.  Burrows  said  if  a  man  was  sounding  in  the  roof 
above  his  head,  and  there  happened  to  be  a  layer  like  this  of 
which  a  sample  was  before  them,  it  would  sound  quite 
hollow.  He  knew  cases,  however,  where  the  roof,  being  in 
a  large  stone,  had  been  sounded  without  any  danger  being 
detected ;  but  he  (Mr.  Burrows)  had  detected  a  line  which 
he  thought  indicated  a  pot-hole,  and  had  caused  it  to  be 
propped.  When  those  props  were  removed  the  roof  had 
fallen — a  mass  weighing  four  or  five  tons. 

Mr.  Watts  said  that  if  after  once  sounding  a  place  they 
would  return  to  it  and  sound  it  again  the  men  might  detect 
any  looseness  in  the  roof.  It  was  only  by  the  ear  those 
faulty  places  could  be  discovered.  They  no  doubt  required 
a  good  deal  of  looking  after.  He  had  to  do  with  a  lot  of 
men  who  were  reckless  as  to  danger,  and  if  he  did  not  keep 
his  eyes  open  to  their  danger  accidents  would  be  of  frequent 
ooourrence.  Here  was  an  instance :  He  cautioned  some  men 
who  were  drilling  in  a  deep  trench  to  be  very  careful,  as  the 
sides  did  not  seem  to  him  to  be  very  sound.  He  told  them 
that  they  must  keep  their  eyes  open.  He  did  not  sound  the 
aides  himself,  but  that  afternoon  a  piece  of  rock  fell  and 
broke  the  back  of  one  of  the  workmen;  and  that  very  piece 
was  one  which  he  had  sounded  at  a  prior  date.  It  was  a 
triangular  piece,  running  into  the  sides,  and  he  had  doubt- 
less sounded  the  thick  end.  If  he  had  gone  a  little  lower 
he  would  probably  have  detected  a  difference  in  the  sound. 
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THE    GEOGRAPHY    OF    BRITAIN    IN    THE 
CARBONIFEROUS  PERIOD. 


The  Chairman  said,  the  next  business  on  the  paper  was 
the  discussion  on  the  President's  address,  given  at  a  former 
meeting,  on  ''  The  Geography  of  Britain  in  the  Carbonifer- 
ous Period/'  The  President  being  absent,  he  did  not  know 
whether  it  would  be  advisable  to  enter  upon  the  discussion 
at  that  meeting. 

Mr.  Stirrup  said  he  had  received  from  Mr.  G.  H. 
Einahan,  of  the  Irish  Geological  Survey,  a  communication 
on  ''The  Extent  of  the  Carboniferous  Sea,  as  regards 
Ireland,"  as  a  contribution  to  the  discussion. 

THE  EXTENT  OF  THE  CARBONIFEROUS  SEA  AS 

REGARDS  IRELAND. 

By  G.  H.  Kinahan,  M.R.I.A.,  etc. 


It  is  still  an  open  question  how  much  of  Ireland  was  un- 
covered in  Carboniferous  times — ^that  is,  when  the  sea  wu 
at  its  maximum  area. 

The  Carboniferous  rocks  of  West  Cork  were  crushed  and 
folded  at  the  same  time  as  the  associated  Devonians  and 
Silurians  {Olengariff  grit).  We  may,  therefore,  presume 
they  at  the  time  formed  a  sequence,  as  I  have  pointed  out  in 
previous  writings.  On  accoimt  of  the  great  difference 
between  the  Carboniferous  rocks  of  West  Cork  and  those 
of  Central  Ireland  it  would  appear  as  if  these  must  have 
been  separated  from  one  another,  except  to  the  south-east, 
by  a  ridge  of  land. 

The  Western  Connemara  and  Mayo  highlands  must  have 
been  covered  by  Carboniferous  rocks.  If  you  look  at  them 
from  the  south  or  the  east  you  will  observe— -as  I  think  was  at 
first  pointed  out  by  Jukes — that  at  one  time  they  formed  a 
slightly  undulating  swelling  plain  that  gradually  sloped 
south-westward,  eastward,  and  northward  ;  and  then,  again, 
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gradually  rismg  northward.  This  plain  was  onoe  the 
bottom  of  the  Carboniferous  sea,  as  on  it  in  places  are 
outlying  patches  of  Carboniferous  rocks.  Benbeola,  or  the 
highest  summit  in  Bennabeola,  is  2336  feet*  To  the  north- 
eastward of  it  is  the  massive  table-topped  hill  called 
Formnamore,  2239  feet,  on  which  in  several  places 
are  outlying  patches  of  Carboniferous  conglomerate; 
while  north-eastward  and  eastward,  on  lower  ground, 
are  other  patches.  To  the  south-westward  of  Ben- 
beola  you  find  Carboniferous  conglomerate  on  Illion 
(1962  feet).  Deny  (902  feet),  Boocaunmore  (about 
300  feet)  ;  and  about  50  feet  at  Oughterard,  where  there  are 
limestones  on  it.  To  the  south-west  of  Benbeola  they  also 
occur,  but  on  low  ground,  f  On  the  hills  to  the  north  of 
Clew  Bay  I  am  not  aware  of  any  such  outliers  having  been 
recorded ;  but  as  the  higher  ground  to  the  south  of  the  bay 
was  covered,  it  is  probable  these  were  covered  also. 

The  '^Test  Ulster  highlands  have  not  the  marked  outline 
to  be  seen  in  those  of  Connaught.  But  in  them  in  various 
pkcesarepatchesof  Carboniferous  rocks  of  the  ''  Ulster  type." 
This  class  of  rock  evidently  at  one  time  extended  through  the 
hills  from  Donegal  Bay  to  Loughs  Swilly  and  Foyle,  and 
thence  southward.  They  consist  of  red  conglomerates  and 
sandstone,  yellow  sandstone,  shales  (in  places  like  Coal 
measure  shales),  and  limestones.  The  red  beds  are  only  in 
area  of  small  dimensions,  while  the  others  are  mixed  up.  The 
first  were  shingle  beaches  that  had  accumulated  in  favourable 
situations,  while  the  others  seem  to  have  been  more  or  less 
shallow  water  accumulations.  It  is  therefore  possible  these 
highlands  may  have  been  an  archipelago  in  Carboniferous 
times. 

The  highlands  of  south-east  Ulster  (Moume  Mountains) 

*  On  most  of  the  published  geological  maps  Benbaun  is  incorrectly  given 
At  2395  feet  high,  while  it  is,  correctly,  only  2306  feet. 

t  Geological  Survey  Biaps  (sheets  84,  93,  and  94),  published  under  Prof. 
Hnll,  Director 
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are  evidently  part  Carboniferoas,  as  proved  by  the  granite 
intrude. 

The  Leinster  highland  may  possibly  have  been  land  at  this 
time.     The  newer  granite  intrudes  in  them  must  be  either  of 
Devonian  or  Carboniferous  age.     But  if  the  latter^  they  may 
have  been  only  elevated  at  that  time.     Oldham  mapped  small 
patches  of  conglomerate  in  places  on  the  western  slopes,  while 
formerly  in  one  place  on  the  Dublin  hills  was  a  small  patch 
of  Carboniferous  limestone,  which   long  since,  on  account 
of  its  value  to  the  natives  of  the  region,  has  been  oonverted 
into  lime.     A  few  years  ago  in  the  valleys  and  on  the  hill 
slopes  to  the  southward  of  Lugnaquillia  I  observed  a  red 
ferriferous  conglomerate.     This  possibly  might  be  the  basal 
conglomerate  of  the  Carboniferous,  but  it  is  also  possible  that 
it  may  be  a  peculiar  form  of  the  conglomerata  so  prevalent 
in  Wexford  and  Wicklow  between  the  Esker  Sea  and  the 
Glacial  drifts.  The  conglomerates  in  these  localities,  however, 
occur  at  a  higher  lever  than  the  Esker  Sea  drift  is  usually 
found  in  that  area,  they  possibly  are  auriferous,  as  in  the 
stream  from  them  "  eyesills  "  of  gold  have  been  found.    Even 
if  these  conglomerates  are  of  Carboniferous  age,  it  has  been 
proved  that  some  land  must  have  existed  hereabouts,  as  con- 
siderable pieces  of  Leinster  granite  have  been  found  in  the 
Dublin  Calp  (Carboniferous)  at  Eimmage  and  other  places. 

The  isolated  hill  groups,  such  as  Slieve  Aughta,  Bemagh, 
Arra,  Felim,  Bloom,  and  others  of  less  note,  have  an  appear- 
ance as  if  they  might  have  been  islands ;  the  Carboniferous 
rocks  around  them  being  in  general  so  flat.  But  creeping 
up  them,  and  in  some  of  the  hills  nearly  obliterating  some 
of  the  older  rocks,  are  the  Lower  Carboniferous  Sandstones. 
From  the  above  notes  it  will  appear  that  the  Carboniferous 
sea  must  have  had  a  larger  area  than  that  depicted  inaccur- 
ately on  the  published  map. 

It  teas  decided  to  postpone  the  further  discussion  of  the 
Presidents  address  to  a  future  meeting. 


117 


GEOLOGICAL    SKETCHES    AT    PIETHORN    AND 

DENSHAW. 


The  Chairman  said  the  next  business  would  be  the  dis- 
cussion of  Mr.  Watts's  paper  on  the  "  Geology  of  Piethom 
and  Denshaw."  Perhaps  Mr.  Watts  might  have  something 
to  add  to  his  former  communication. 

Mr.  Watts  said :  I  may  remark  that  my  "  Sketches  "  are 
merely  sketches — scraps  of  observation  that  have  presented 
themselves  in  passing  through  the  district  from  time  to  time. 
I  have  made  no  effort  to  speculate,  but  have  given  you 
simple  facts  of  local  phenomena. 

Mr.  Stirrup  said :  I  should  not  like  Mr.  Watts's  paper  to 
pass  without  discussion,  and  I  was  hopeful  that  some  gentle- 
man, acquainted  with  the  district,  would  have  been  present 
to-day,  and  have  gone  into  the  matters  referred  to.  The 
paper  I  consider  to  be  a  very  valuable  one,  because  it  is  a 
statement  of  what  the  writer  practically  comes  in  contact 
with  from  day-to-day.  It  is  valuable  not  only  for  present 
discussion  but  for  future  reference.  The  only  point  I  should, 
myself,  wish  to  refer  to  at  present  is  the  glacial  phenomena. 
Mr.  Watts  says  that  he  has  not  been  able  to  meet  with 
glacial  striations  in  these  valleys.  Such  striations  have, 
however,  been  met  with  in  Rossendale,  on  rocks  of  similar 
character  to  those  met  with  in  the  Saddleworth  district.  In  a 
bed  of  very  hard  shale,  belonging  to  the  Millstone  Grit  series, 
there  have  been  found  well-defined  glacial  strisB  running  in 
the  direction  of  the  valley  between  Bacup  and  Waterfoot. 
I  should,  therefore,  expect  them  to  be  found  elsewhere, 
although,  as  Mr.  Watts  says,  they  are  likely  to  be  readily 
obliterated  in  sandstone  rock.  It  is  only  upon  rocks,  from 
which  the  covering  of  soil  has  been  lately  removed,  that 
they  are  likely  to  be  met  with.  Then,  with  regard  to  the 
drift  deposits  found  in  these  valleys,  sometimes  at  a  height 
of  850  feet  above  the  f  ea,  I  think  we  may  be  quite  certain 
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FALL  OF  ROOF  IN  A  MINE  AT  LITTLE  LEVER. 


Mr.  M.  Stirrup  (Honorary  Secretary)  called  attention  to 
eonie   specimens  on  the  table,  and  said  that  in  a  recent 
unmber  of  the  Manchester  Chiardian  there  appeared  a  para- 
graph giving  an  account  of  a  fall  of  roof  in  a  colliery  at 
Little  Lever,  near  Bolton,  belonging  to  Messrs.  Fletcher,  by 
vhich  one  man   was  killed.      The   stone  which  fell  was 
supposed  by  the  writer  of  the  paragraph  to  have  been  a 
meteorite.     He  (Mr.  Stirrup)  wrote  to  Messrs.  Fletcher  to 
ask  if  they  would  be  so  good  as  to  send  him  fragments  of 
the  stone,  and  he  very  soon  received  from  them  the  specimens 
which  lay  upon  the  table,  together  with  some  particulars  in 
writing.     The  following  was  Messrs.  Fletcher's  communi- 
cation : — 

Stopes  Colliery,  Little  Lever,  near  Bolton, 

January  11  th,  1887. 
On  Thursday,  December  30th,  1886,  a  fatal  accident  happened  to  a 
man  named  John  Kay,  by  a  fall  of  roof.  A  son  of  his  was  working 
heside  him  and  asked  him  to  sound  the  stone  above  his  head ;  he  did 
80,  and  said  it  was  quite  solid ;  in  a  few  seconds  Kay  was  killed  by 
the  stone  falling  upon  him. 

The  stone,  which  was  composed  of  a  black  shale  coating,  the  coating 
varying  from  one  inch  to  two  inches  in  thickness,  and  the  rest  of  it 
white  sandstone,  gave  it  a  very  solid  sound.  The  dimensions  of  it  were 
7ft.  long,  4ft.  6in.  wide,  and  2ft.  4in.  at  the  thickest  part ;  the  other 
side  ran  out.  It  is  thought  the  stone  fallen  is  about  one-half  of  the 
whole.    It  is  very  hard,  and  about  two  tons  in  weight.    Some  of  the 


no 

shale  round  it  was  very  black,  and  of  a  polished  natme ;  it  oould  be 
rubbed  in  the  hands,  and  felt  like  grains  of  com. 

From  inquiries  made,  these  stones  are  not  plentiful  at  Stopee 
Colliery,  only  seven  haying  been  seen  altogether,  one  at  about  sixty 
yards  further  on  the  road  than  where  Kay  was  killed ;  the  size  was 
9ft.  long  by  7ft.  wide  and  3ft.  thick. 

Another  is  to  be  seen  in  the  same  level  fifty  yards  nearer  the  shunt; 
it  is  6ft.  wide,  length  and  thickness  not  known. 

Another  one,  four  yards  lower  down,  presented  itself,  but  only  3ft 
diameter ;  thickness  not  known. 

Some  years  ago,  two  were  found  in  a  level  at  a  point  about  five 
hundred  yards  from  the  four  just  mentioned,  these  two  close  together, 
only  a  few  inches  separating  them.  In  length  of  time  the  larger  one 
of  the  two  had  to  be  removed,  then  it  was  found  to  be  6ft.  thick  in 
the  centre,  the  width  was  about  10ft.,  the  length  is  not  known  because 
one  end  was  on  the  coal  in  the  higher  side  of  the  level,  and  the  other 
end  on  the  lower  side ;  that  piece  of  stone  on  the  higher  side  was  2ft. 
in  the  thickest  part,  and  that  on  the  lower  side  was  4ft.  thick. 

The  other  one,  close  to  it,  was  only  about  2ft.  6in.  diameter ;  the 
black  shale  came  oS  it ;  the  other  part  was  found  to  be  white  sand- 
stone. 

At  a  distance  of  about  450  yards  west  of  these  two,  one  was  found 
about  12ft.  long,  Oft.  wide,  and  6ft.  thick ;  all  the  others  had  partly 
embedded  themselves  in  the  coal,  except  the  two  smaller  ones,  but 
this  one  displaced  the  coal  altogether,  the  men  worked  the  coal  all 
round  it,  then  it  had  the  appearance  of  a  huge  boulder. 

None  of  these  stones  have  been  known  to  fall  before ;  when  wanted 
down  they  have  had  to  be  blasted. 

On  Friday  last  piece  of  stone  was  sent  to  you  as  requested. 

Yours  truly, 

James  Seddon. 

Mr.  Stirrup  said  that,  knowing  some  of  the  members  were 
occupying  themselves  with  the  subject  of  the  occurrence  of 
boulders  in  coal  seams^  he  thought  the  so-called  meteorite 
would  turn  out  to  be  one  of  them,  but  the  specimen  before 
them  with  the  polished  carbonaceous  coating  was  apparently 
a  fine-grained  sandstone,  slightly  micaceous,  whereas  the 
boulders  he  had  previously  seen  from  the  Lancashire  coal- 
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field  had  nsually  been  quartzite.     He  asked  Mr.  Wild  for 
his  opinion. 

Mr.  Wild  said  that  specimens  like  those  exhibited  were 
not  boulders,  and  represented  merely  little  patches,  or  pockets, 
of  sandstone.  He  had  met  with  such  instances  in  the  mines 
at  Bardsley,  and  had  also  seen  them  near  Burnley,  where 
they  would  sometimes  start  from  a  feather-edge  and  thicken 
out  to  two  or  three  feet — ^a  tough  white  sandstone.  They 
were  not  unfrequently  found  with  a  raised  centre;  this  arose 
from  the  fact  of  their  hardening  sooner  than  the  soft  mud 
that  lay  above  them;  they  had  sunk  in  the  coal  and  held 
position  in  the  roof  through  hardening  before  the  shale.  It 
was  a  mistake  to  call  them  boulders.  They  are  sometimes 
gtratified  as  if  current-bedded,  the  lines  of  stratification 
being  unconformable  to  the  bed  of  coal,  or  the  shale  roof, 
by  which  they  are  surrounded,  occasionally  to  the  extent 
of  45  degrees,  and  in  many  cases  contain  impurities  of 
pyritous  matter,  probably  derived  from  the  underlying  sub- 
stance which  should  form  the  future  coal-bed  on  which 
they  are  deposited. 

Mr.  Stirrup:  There  are  marks  of  rubbing,  apparently 
on  this. 

Mr.  Wild:  Yes;  it  is  merely  caused  by  the  friction  from 
compression  of  the  softer  sediment  around  it,  after  partial 
consolidation  and  superimposed  weight. 

Mr.  Burrows:  But  in  many  mines  there  are  much  deeper 
groovings  than  these — the  Trencherbone  particularly.  The 
coal  is  grooved  as  if  by  a  glacier. 

Mr.  Watts:  It  is  imusual,  I  think,  for  a  practical  person 
not  to  be  able  to  detect  by  sounding  when  the  roof  is  about 
to  give  way.  My  experience  goes  thus  far — that  if  the 
stone  be  loose  there  is  little  or  no  difficulty  in  detecting  that 
it  is  loose,  except  when  you  are  dealing  with  a  huge  mass. 
Then  it  may  be  somewhat  difficult.  I  should  advise  a  more 
extended  sounding — not  a  mere  tapping  just  over  head,  or 
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long  known  and  ntilized  in  China.  In  the  district  of  Tmen 
Lum  Taing  it  is  stated  there  are  gas  wells  3,000  feet  in 
depth,  the  gas  being  piped  through  bamboo  rods,  and 
burned  with  clay  burners.  This  supply  is  supposed  to  have 
been  discovered  centuries  ago  while  sinking  artesian  wells 
for  brine. 

The  Chinese  method  at  present  in  use  for  drilling  their 
wells  is  a  primitive  form  of  the  old  **  jumping  rods."  Ab 
it  is  not  generally  known,  I  may  be  excused  giving  AbU 
Hue's  description  as  copied  into  a  late  number  of  the 
Chicago  Mining  Review  : — 

"  If  there  is  a  depth  of  three  feet  or  four  feet  of  soil  on 
the  surface,  they  plant  in  this  a  tube  of  hollow  wood, 
surmoimted  by  a  stone,  in  which  an  orifice  of  the  desired 
size  of  three  or  four  inches  has  been  cut.  Upon  this 
they  bring  to  work  in  the  tube  a  rammer  of  300  or  400 
pounds  weight,  which  is  notched  and  made  a  little  ooncave 
above  and  convex  below.  A  strong  man  very  lightly 
dressed  then  mounts  on  a  scaffolding  and  dances  all  the 
morning  on  a  kind  of  lever  that  raises  this  rammer  about 
two  inches,  and  then  lets  it  fall  by  its  own  weight.  From 
time  to  time  a  few  pails  of  water  are  thrown  into  the  hole 
to  soften  the  rock  and  reduce  it  to  pulp.  The  rammer  is 
suspended  to  a  rattan  cord  not  thicker  than  your  finger,  but 
as  strong  as  our  ropes  of  catgut.  This  cord  is  fixed  to  the 
lever,  and  a  triangular  piece  of  wood  is  attached  to  it  by 
which  another  man,  sitting  near,  gives  it  a  half  turn,  so  as 
to  make  the  rammer  fall  in  another  direction.  At  noon 
this  man  mounts  on  the  scaffold  and  relieves  his  comrade 
till  the  evening,  and  at  night  these  two  are  replaced  by 
another  pair  of  workmen.  When  they  have  bored  three 
inches  they  draw  up  the  tube  with  all  the  matter  it  is 
loaded  with,  by  means  of  a  great  cylinder,  which  serves  to 
roll  the  cord  on.  In  this  manner  these  little  wells  or  tubes 
are  made  quite  perpendicular — ^to  a  depth  of  from  1,500 
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feet  or  1,800  feet  French — and  as  polished  as  glass.  When 
the  rock  is  good  the  work  advances  at  the  rate  of  two  feet 
in  twenty-four  hours,  so  that  about  three  years  are  required 
to  dig  a  welL" 

The  following  extract  from  the  same  paper,  of  November 
18th,  is  interesting : — ''  Gas  wells  are  5f  inches  inside 
diameter,  and  average  1,500  feet  in  depth.  It  costs 
8.000  dollars  to  6,000  dollars  to  drill  and  'case'  a  well. 
The  pressure  at  the  mouth  of  the  well  varies  from  40  to 
1'288  pounds  to  the  square  inch,  and  with  this  range 
furnishes  sufficient  carbon  to  substitute  50  to  1,000  tons  of 
coal  daily ;  in  the  pipe  ways,  notwithstanding  the  great 
friction,  the  gas  travels  at  the  rate  of  6f  miles  a  minute." 

In  November,  1875,  the  first  Natural  gas  was  used  for 
•melting  iron,  by  Spang,  Ghalfant  &  Co.,  Pittsburg. 

The  wells  at  New  Cumberland,  W.  Va.,  have  supplied 
gas  for  more  than  twenty  years  for  the  manufacture  of 
bricks.  The  East  Liverpool  wells  have  been  running  for 
twenty-five  years,  and  are  still  productive.  At  Leechburg 
and  Apollo,  the  gas  has  been  used  in  heating — and  puddling — 
fomaces  since  1872.  At  Beaver  Falls,  Natural  gas  has  been 
used  since  1876  in  the  cutlery  works,  but  about  two  years 
ago  the  gas  failed,  presumably  on  account  of  the  wells  be- 
coming obstructed  by  more  or  less  solid  matter.  The  Butler 
county  oil  field  was  the  first  in  which  the  large  productive 
wells  of  Natural  gas  were  struck.  The  mill  of  Spang, 
Ghalfant  &  Co.  has  been  supplied  from  this  field  since  1875. 
In  1877,  the  first  well,  known  as  the  Haymaker  Well,  was 
bored  at  Murraysville.  It  was  not  until  1883  that  this  im- 
mense storehouse  of  potential  energy  was  made  useful  by 
Pew  &  Emerson,  who  laid  a  line  of  pipe  from  the  Murrays- 
ville Well  to  and  into  the  city  of  Pittsburg.  In  June, 
1884,  the  celebrated  Westinghouse  Well,  located  in  the 
Twenty-first  ward  of  the  city  of  Pittsburg,  struck  the  gas 
at  a  depth  of  about  1,600'. — Chicago  Mining  Review. 
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Natural  gas  seems  to  have  been  known  in  America  before 
the  advent  of  the  ''  white  man/'  such  as  the  "  burning 
water  "  of  Niagara  and  elsewhere ;  and  it  is  now  some  yean 
since  the  gas  well,  first  considered  of  importanoe,  was  struck 
in  the  Eananha  Yallej,  West  Ya.,  while  boring  for  salt 
water.  Gas  had  previouslj  been  found  in  other  borings  for 
salt,  but  was  ignored,  as  it  is  only  in  the  last  two  years  that 
the  great  gas  industry  has  been  created. 

As  stated  by  Professor  Wurtz,  the  gas,  wherever  found, 
''  is  Marsh  gas,  that  hydro-carbon  of  all  others  which  con- 
tains the  most  hydrogen  and  the  least  carbon,  the  compound 
which  naturally  and  necessarily  forms  the  first  residue  of 
the  abstraction  of  carbon  from  organic  matter  by  the  powerful 
oxidizing  agent,  since  in  nature  we  scarce  find  elementary 
hydrogen  as  such  a  residue.  Now,  what  oxidizing  agents 
are  there,  or,  rather,  what  have  there  been  in  all  these 
rocks  that  would  effect  such  a  combustion  P  I  reply,  oxides 
of  iron,  now  represented  in  these  rocks  by  iron  sulphides, 
showing  the  iron  oxides  to  have  passed  through  the  form  of 
sulphates,  an  action  similar  to  that  evolution  of  marsh  gas 
going  on  in  every  stagnant  pool  loaded  with  vegetable 
matter  and  blackened  by  sulphide  of  iron,  which  is  occupied 
in  convejring  the  oxygen  of  the  water  to  the  carbon  of  the 
mud." 

In  connection  with  this  subject  it  may  be  mentioned  that 
Captain  Phillip  Argall,  after  he  had  placed  wooden 
landers  in  the  Upper  Gronbane  Mine,  Ovoca,  Co.  Wicklow, 
in  which  to  precipitate  the  copper  from  the  mine  water, 
found  that  the  process  generated  Marsh  gas  in  the  levelsy  so 
that  the  landers  had  to  be  visited  with  safety  lamps. 

Two  years  ago,  besides  the  Marsh  gas  in  the  American 
''fiery  coal  seams,"  it  was  also  known  to  occur  in  other 
strata.  In  the  Dominions  it  had  been  found  in  Primordial 
(Cambrian)  or  Ordovician  (Lower  Silurian)  strata  between 
Quebec  and  Montreal ;  at  Niagara,  in  the  Silurians  (P),  and 
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in  Assiniboia  in  either  Cretaceous  or  Cainozoic  Strata.  In 
the  States  the  great  find  seems  to  have  been  in  the  rocks 
orer  the  great  shale  formation  of  ''Devonian  and  Sub- 
carboniferons  rocks "  of  Pennsylvania  and  New  York.  It 
had,  however,  been  also  found  in  Ohio  by  adventurers  who 
had  drilled  in  the  continuation  of  those  rocks  and  in  the  Ordo- 
vician  (Lower  Silurian,)  Since  then,  however  (that  is,  within 
the  last  two  years),  the  payable  gas  in  the  rocks  of  Ohio,  on 
aooount  of  the  great  number  of  trials  put  down,  has  in  a 
great  measure  been  localised ;  and  the  principal  supplies  are 
found  to  be  confined  to  portions  of  the  ''  Berea  grit "  which 
"overlie  or  are  interstratified  with"  the  great  shale 
formation  of  "  Devonian  and  Sub-carboniferous  age,"  and  in 
certain  places  in  the  upper  beds  of  the  Trenton  Limestone 
(Ordovician.) 

By  the  recent  trials  it  is  proved  that  oil  and  gas  are 

adjuncts — the  first,  however,  being  heaviest,  is  below ;  and 

when  two  cisterns  are  connected,  one  being  a  little  higher 

than  the  other,  in  the  lower  one  will  be  found  gas  and  oil, 

and  in  the  upper  perhaps  only  gas.     Paying  gas  has  only 

l>een  found  under  certain  conditions.    As  there  must  be ; — a 

supply f  a  reservoir  and  a  cof>ery  to  keep  in  the  gas,   of  a 

more  or  less  impervious  rock,  generally  fine-grained  shale. 

Also  the  rocks  must  be  nearly  horizontal  or  dip  at  gentle 

angles,  and  the  thicker  the  cover  the  greater  the  supply. 

In  the  later  Ohio  rocks  (that  is,  the  Berea  grit),  the  source 

is  in  the  black  carbonaceous  shales  whicli  belong  to  the  so- 

oalled  Devonian  or  Sub-carboniferous,  the  reservoirs  being 

distinct  from  the  source.     As  the  Berea  grit  approaches  its 

outcrop,    and    the    cover    becomes    thin,   the  gas  supply 

gradually  decreases  until  eventually  it  ceases.     As    the 

source  of  the  second  supply  is  in  the  Trenton  limestone,  the 

source  and  reservoirs  are  continuous.     Nowhere  in  Ohio 

does  this  limestone  come  to  the  surface,  therefore  it  always 

has  a  good  thickness  of ''  cover ;"  but  at  the  same  time  it  does 
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not  always  contain  a  paying  supply,  the  most  prodnotive  wells 
being  near  the  upper  edge  of  aslope  which  joins  two  horizontal 
terracesof  thelimestone.  Similarly  in  the  Bereagrits;  ''slight 
rolls  traverse  it,  breaking  up  the  monotony  of  its  descent, 
and  these  rolls  or  interruptions  of  dip  connect  themselyes  at 
once  with  gas  and  oil  accumulations."  Gtis  and  oil  are  also 
found  on  other  horizons,  but  not  in  paying  quantities.  The 
Trenton  limestone  was  first  discovered  to  be  a  store-house  of 
high  pressure  gas  at  Findlay,  in  November,  1884,  and  now 
yields  both  gas  and  oil  in  at  least  three  coimties  of  northern 
Ohio,  namely,  Hancock,  Allen,  and  Wood.  Fuller  details 
will  be  found  in  the  previously  mentioned  paper  by  Professor , 
Orton  in  Science,  June  25,  1886. 

From  John  Wallace  we  learn  that  in  the  Baku  district  on 
the  Caucasian  side  of  the  Caspian  Sea  the  cisterns  for  the 
petroleum  are  either  a  friable  sandstone  or  a  mass  of  sand, 
"  sandpockets,"  as  sand  comes  up  with  the  oil ;  while  the 
cover  is  a  hard  blue  clay.  If  there  is  a  leak  or  fault  in  the 
cover  the  gases  and  oil  escape,  and  the.  gas,  if  ignited,  will 
bum  for  centuries ;  "  this  may  be  seen  in  various  places  at 
Suroehani,  near  Baku,  where  one  of  the  oldest  Parsee  Fire 
Temples  in  the  world  is  built  over  a  gas  well."  If  the  oil 
escapes  when  it  comes  to  the  surface,  ''  the  lighter  and  more 
volatile  part  evaporates  into  the  atmosphere,  leaving  a  thick 
tarry  mass  known  as  bitumen,  which  has  been  found  from 
time  immemorial  in  various  parts  of  the  world,  and  which 
the  ancient  Egyptians  procured  at  Jeb  el  Zeit,  on  the  shore 
of  the  Red  Sea,  for  the  purpose  of  preparing  and  preserving 
their  mummies.  Jeb  el  Zeit  has  recently  been  the  scene  of 
borings  by  the  Egyptian  Government ;  but,  up  to  the  pre- 
sent, with  only  partial  success.''  In  connection  with  this 
extract  from  Wallace's  paper,  it  may  be  mentioned  that 
Bristow,  in  his  "  Mineralogy,"  records  bitumen  {asphdU) 
as  occurring  in  the  Binney  Quarries,  near  Edinburgh,  and 
in  Derbyshire,  near  Matlock,  and  in  the  Odin  Mine. 
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After  this  long  introduction,  I  may  come  to  the  subject, 
the  special  object  of  this  communication.  The  success  of 
the  gas  wells  in  Ohio  has  led  adventurers  to  turn  their 
attention  to  the  fiery  seams  of  coal ;  and  these,  we  learn 
from  the  Chicago  Mining  Review  and  other  sources,  are  now 
being  experimented  on.  The  promoters  propose  to  put 
down  a  number  of  bore-holes,  and  by  them  to  abstract  the 
gas ;  they  expecting  that  thereby  they  will  not  only  make 
the  working  of  the  coals  safe,  but  also  create  a  new 
industry,  as  the  gas  so  obtained,  if  in  quantity,  is  to  be 
treated  similarly  to  the  gas  from  the  present  wells,  that  is,  it 
is  to  be  sent  by  "  pipe  roads  "  to  centres  of  industry,  there 
to  be  utilised. 

It  appears  to  me  that  the  **  Old  Goimtry "  should  also 
make  experiments.  The  Ohio  borings,  so  far,  prove  that 
gas  should  accumulate,  if  there  is  a  source  to  produce 
the  gas,  with  an  impervious  and  thick  cover;  but  it 
seems  also  necessary  that  the  strata  ought  to  be  nearly 
horizontal, — ^with  in  places, — gentle  rolling  curves.  As 
far  as  the  Irish  Ordovicians  are  concerned  there  are  in 
them  strata  more  or  less  like  the  oil  and  gas  rocks  of  Ohio 
Ordovicians,  as  in  those  of  the  Co.  Cavan.  Some  of  these 
are  so  like,  not  only  the  Ohio,  but  also  some  of  the  Canadian 
Tock8,that  in  a  paper  on  ''Irish  Metal  Mining,"  recently  read 
before  the  Royal  Geological  Society,  Ireland,  I  suggested  that 
trials  for  oil  and  gas  might  be  made  by  boring.  There  are 
also  places  in  Wexford  and  Wicklow  with  good-looking 
strata.  Unfortunately,  however,  nowhere  is  bitumen 
recorded  as  a  surface  deposit ;  whilst  all  these  Irish  strata 
are,  in  general,  folded  at  high  angles  ;  yet,  in  the  troughs 
of  the  folds  there  are  places  where  the  "  liquor  fuels  "  might 
be  found  concentrated;  the  gas  possibly  may  have  escaped, 
but  the  oil  being  heavy  may  have  remained. 

The  Berea  grits  are  somewhat  like  the  English  Trias  and 
Permian  and  produce  salt,  especially  the  "  Logan  conglomer- 
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rate/'  In  Ohina  and  America  gas  appears  to  have  first  been 
met  with  while  boring  for  brine.  I  cannot,  however,  learn  of 
any  records  of  gas  having  been  met  with  in  the  Salt  mines  of 
the  "Old  Country/'  In  connection  with  the  English  Trias 
there  ought  to  be  a  ''  source ''  in  the  imderlying  ooals  and 
Carbonaceous  shales,  and  in  the  Triassic  ''reservoirs";  but 
the  impervious  "cover"  may,  in  places  be  wanting,  but 
surely  not  always.  Marsh  gas,  however,  with  a  "  cover," 
does  occur  in  the  fiery  coal  seams,  and  often  in  incon- 
venient quantities.  Here,  therefore,  there  seems  to  be  an 
open  field  for  the  adventurer,  for  the  gas,  at  the  present 
time,  ought  not  to  be  only  a  source  of  danger  and  expense. 
This  seems  to  be  a  fair  field  for  enterprise,  as  any  undertaker 
would  not  go  into  the  adventure  perfectly  blindfolded, 
having  the  American  experience  as  a  guide.  The  wells  in 
Ohio  teach,  that  the  accumulation  of  gas  in  each  successive 
gas  bearing  stratum,  is  within  certain  limits ;  that  is,  on  or 
near  the  top  of  the  roll  in  slightly  undulating  strata.  There 
is  an  interesting  question,  to  which  I  would  call  the  attention 
of  those  conversant  with  the  English  coal.  It  is :  In 
what  parts  of  a  "  fiery  seam  "  is  there  the  greatest  accumu- 
lation of  gas  P  Is  it,  as  in  the  Ohio  gas  beds,  near  or  at  the 
top  of  a  rise  or  roll  in  the  dip  P  If  this  law  hold  good  in 
the  fiery  seams,  the  work  in  a  measure  would  be  minimised, 
as  the  gas  well  should  be  put  down  on  such  rolls. 

Both  gas  and  oil  rise  naturally  by  what  has  now  received 
the  name  of  '*rock  pressure"  to  certain  heights;  while 
high  presure  gas  comes  off  unaided  by  any  artificial  means. 
In  connection  with  the  fiery  coal  seams  we  have  to  enquire  ; 
Would  the  abstraction  of  the  Marsh  gas  payP  At  the 
present  time  there  is  the  loss  of  life  due  to  explosions,  and 
the  additional  expenses  due  to  the  precautions  necessary  in 
working  such  coals ;  and  if  the  one  could  be  prevented  and 
the  other  got  rid  of ;  How  much  would  be  gained  P  In  addition 
to    these,    there     is    also     the    prospect    that    the     gas 
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abstracted  would  be  in  sufficient  quantities  to  be  the  source 
of  a  new  industry. 

It  must  be  allowed  that  it  is  very  hard  to  introduce  a 
new  industry  into  an  *'  Old  Country,"  more  especially  when 
it  creates  a  revolution.  I  am  old  enough  to  remember  how 
long  it  took  to  replace  the  old  oil  lamps  in  the  towns  by 
gas;  while  at  the  present  time  there  are  many  towns  so 
naturally  situated  as  to  be  capable  of  being  cheaply  lit  by 
the  electric  light,  which  still  stick  to  the  gas.  This,  indeed, 
may  also  be  seen  in  America,  both  in  the  States  and 
Dominions,  as  there  the  new  towns,  even  in  the  Prairies, 
seek  the  new  light,  while  the  old  ones  are  content  with 
their  present  darkness.  To  teach  the  English  to  substitute 
**  fluid  "  for  "  solid  fuel  "  would  probably  be  uphill  work ; 
8till,  it  ought  to  be  possible,  when  we  consider  the  rapid 
changes  that  have  taken  place  in  Pittsburg,  in  less  than 
ionr  years,  the  new  gas  fuel  having  reduced  the  old  coal 
flupply  somewhat  over  3,000,000  bushels. 

It  seems  scarcely  necessary  to  add,  if  the  gas  supply 
:from  the  fiery  coal  seams  was  in  sufficient  quantities  to  pay, 
^at  in  the  same  way  as  in  America  at  the  present  day,  and  in 
China  for  centuries,  the  gas  from  the  wells  could  be 
carried  in  "  pipe  roads  "  to  a  central  depot,  from  which  to 
be  dispersed  to  the  various  consumers. 

As  Natural  gas  has  been  very  little  studied  in  the  Old 
Country — in  fact  it  seems  to  have  been  perfectly  ignored — 
and  as  the  object  of  this  paper  is  to  bring  it  into  notice,  it 
may  be  allowable  to  give  additional  facts  to  those 
already  culled  from  the  United  States  papers.  In 
connection  with  the  composition  of  these  natural  gases 
the  American  Manufacturer  points  out  that  the  pub- 
lished analyses  are  very  conflicting,  as,  according  to  these 
analyses,  some  gases  contain  no  nitrogen,  while  others  have 
as  much  as  23*5  per  cent.  In  an  analysis  by  Mr.  Ford  the 
hydrogen  from  one  well  ranges  from,  in  round  numbers,  27 
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to  35  per  cent.,  all  the  eight  gases,  marsh  gas,  ettylic, 
hydride,  olifiant^  carbonic  oxide,  hydrogen,  nitrogen,  and 
carbonic  acid  being  present;  another  analyst  stated  that 
this  gas  only  contains  marsh  gas  and  carbonic  acid  with 
traces  of  hydro-carbons ;  while  another  stated  it  contained 
hydrogen,  marsh  gas,  and  oxygen.  The  writer  goes  on  to 
point  out  that  these  great  diiSerences  are  due  to  the  mode  of 
collecting  the  gas,  as  the  gas  got  at  depth  is  different  from 
that  at  the  well's  mouth,  and  that  the  latter  differs  greatly 
from  the  gas  that  has  trayelled  in  a  '' pipe-way,^'  in  the 
joints  of  which  certain  constituents,  especially  hydrogen, 
may  have  leaked  out. 

The  same  journal  has  an  interesting  notice  on  the 
refrigerative  power  of  these  gases,  and  states  that  ^'eyen 
carbonic-acid  gas  has  been  solidified  by  the  intense  cold 
resulting  from  escaping  gases  that  has  been  stored  under 
high  pressure."  They  give  various  cases  in  which  water,  in 
boring,  has  been  frozen  up  on  the  gas  strata  being  struck ; 
one,  however,  will  exemplify  all.  In  a  well  in  Butlers  Co., 
Pennsylvania,  during  one  of  the  warmest  days  in  May,  the 
borers  struck  gas  at  900  feet ;  previously  they  had  struck 
water  at  (iOO.  When  trying  to  draw  the  tools  they  came  up 
easily  300  feet,  where  they  stuck  so  fast  that  they  had  to  cut 
the  rope  and  let  them  fall  to  the  bottom.  When  after- 
wards with  another  set  of  tools  they  bored  the  hole,  they 
found  a  plug  of  ice  at  the  600  feet,  due  to  the  gas  having 
frozen  the  water. 

A  desultory  conversation  took  place  on  the  subject  of  Mr. 
Einahan's  paper,  the  Chairman  pointing  out  that  in  all  cases 
where  bore-holes  had  been  sunk  down  to  the  coal,  the  amount 
of  gas  given  off  had  been  very  trifling.  The  difficulty  was 
also  mentioned  of  the  great  cost  of  boring  in  this  country, 
as  compared  with  the  United  States. 

It  was  agreed  that  the  discussion  of  the  paper  should  be 
taken  at  a  future  meeting. 


TRANSACTIONS 

OF  TH£ 

MANCHESTER    GEOLOGICAL    SOCIETY, 


PAitt  VI.  Vol.  XIX.  Session  1886-7. 


EXTRA  MEETING  AT  THE  OWENS  COLLEGE. 


At  an  Extra  Merting  of  the  Members  of  the  Society  and 
their  friends,  held  in  the  Mineralogical  Museum  Room  of 
the  Owens  College,  on  Friday  evening,  4th  February,  1887. 

The  President,  Professor  W.  Boyd  Dxwkins,  M.A.,  F.R.S., 

in  the  Chair. 


The  President  said :  Before  I  call  on  Mr.  Kendall  to 
giye  the  paper  which  he  has  promised  on  "  The  Carboni- 
ferous Volcanoes  of  Great  Britain,"  I  want  just  to  show  you 
.one  or  two  things  we  have  been  doing  in  this  museum,  in 
Older  to  make  our  collections  more  intelligible.  My  idea  of 
a  museum  is  that  it  should  be  a  place  in  which  things  are 
arranged  in  such  a  fashion  as  to  be  understood  by  people 
who  are  not  specialists;  and,  in  order  to  do  that,  I  have 
begun  a  system  of  restorations  of  some  of  the  more  remark- 
able of  the  extinct  beasts.  The  first  restoration  which  I 
will  ask  your  attention  to  is  the  one  which  U  represented,  in 
the  bones,  by  this  very  fine  photograph  :  it  is  taken  from  a 
specimen  which  was  foimd  at  Solenhofen,  and  it  represents 
the  very  earliest  of   birds.     It  represents   a  bird  with  a 
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long    reptilian    tail,   furnished    with   feathers — which   are 
distinctly   visible — and  in    the   beak   you   will    see   teeth, 
showing  that  the  creature   was  partly  bird  partly  reptile 
— bird  in  most  of  its  parts,  reptile  in  length  of  tail  and 
in  the  presence  of  teeth  in  the  beak.     It  has  been  called 
the  archasopteryx,   or    the    ancient    bird,   of    SolenhofeD. 
Well,  here,  in  this  photograph,  you  see  what  looks  like  a 
mass  of  feathers  and  of  bones,  unintelligible   and   unin- 
teresting, as  I  take  it,  to  those  who  do  not  happen  to  knomr 
what  is  really  meant.     But  suppose  I  ask  your  attention  to 
another  picture,  in  which  you  see  the  creature  restored,  you 
see  at  once  how  exceedingly  useful  such  a  restoration  is  in 
enabling  a  person  to  get  an  idea  of  what  the  creature  was 
like  in  the  living  state.     This  restoration  is  based  upon  the 
best  authorities  which  I  can  lay  my  hands  on,  and  is  carefully 
drawn,  showing  the  bird  not  only  as  he  was  in  the  bones 
(which  you  see  in  the  photograph),  but  as  he  was  in  the 
feathers  and  in  the  flesh.     This  is  the  sort  of  illustration 
which  I  hope  to  carry  out,  if  I  live  long  enough,  for  the 
main  portions  of  this   museum.      Now,   I   will   ask    your 
attention  to  another  illustration.     No  doubt  most  of   you 
have   read   of    the   very   remarkable   discoveries   made   in 
America   by   Dr.   Marsh,   among   the   most  interesting  of 
which  is  that  of  some  very  curious  birds  which  belonged  to 
the  period  of  our  chalk.     The  archaeopteryx  belonged  to  a 
period  long  before  the  chalk — ^it  belonged  to  the   Oolites. 
Well,  here  we  have  a  bird  which  belongs  to  the  time  of  the 
chalk,  and  the  figure  I  now  show  you  is  a  restoration  of  the 
skeleton  of  the  creature,  whose  bones,  now  in  Dr.  Marsh's 
collection  at  Yale,  I  have  myself  examined.      You  have, 
then,  the   creature   as  represented  by  the  bones,  and  also 
drawn  to  life-size  with  the  flesh  and  the  feathers  on  it. 
These  are  two  illustrations  which  I  thought  I  should  like  to 
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place  before  you,  just  to  show  you  that,  whilst  these  buildings 
are  waiting  for  their  contents,  we  are  hard  at  work  trying 
to  get  something  to  put  into  them.     With  regard  to  the 
coal    measures,    I    find    some    difficulty    in    restoring    the 
ancient  forests,  but  I  shall  hope  to  get  over  that  difficulty. 
I  am  working  through  them  tree  by  tree ;   some  few  are 
already  drawn ;  and  I  hope  ultimately  to  combine  them 
into  a  very  respectable  forest.     We  shall  then  have  these 
enormous  trunks  that  we  possess,  together  with  one  of  the 
finest  specimens  yet  discovered,  and  which  Professor  Wil- 
liamson has  secured  for  us, — we  shall  have  the  collections 
which  our  Society  has  accumulated  since  its  formation — all 
arranged  in   the  best   possible   manner,    and   with   ample 
accommodation,  and  illustrated  by  such  restorations  as  you 
see  here.     I  thought,  gentlemen,  it  was  advisable  to  put 
before  you  these  few  things  ;  and  when  we  meet  after  next 
summer  I  hope  we  shall  meet  in  a  much  more  convenient 
place  than  this  in  which  we  are  met  to-night.     By  that  time 
I  hope  we  shall  have  a  part  of  the  Geological  Museum  in  its 
proper  place,  and  shall  be  able  to  study  the  fossils  and 
how  our  wealth — ^for  you  must  look  upon  these  collections 
^  held  in  trust  for  you  and  for  the  public.     (Applause.) 
^e  shall  now   be   glad   to  hear   the   address   which   Mr. 
Kendall  has  promised  us  on  "  The  Carboniferous  Volcanoes 
of  Great  Britain." 

Mr.  Percy  F.  Kendall  said :  Gentlemen,  with  very  great 
pleasure  I  avail  myself  of  the  opportunity  which  your 
Secretaries  have  afforded  me  of  addressing  you  this  evening. 
It  is  with  some  diffidence  that  I  approach  such  a  subject 
before  such  an  audience.  I  am  almost  a  stranger  in  these 
northern  latitudes,  and  consequently  have  not  had  the  large 
opportunities  that  many  of  you  have  had  of  examining  the 
carboniferous  series  of  rocks.     However,  I  have  endeavoured 
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to  profit  by  the  opportunities  I  have  had  of  enlarging  my 
knowledge  as  much  as  possU)le  by  reading.     Now,  of  course 
the  consideration  of  such  a  subject  as  this,  it  goes  without 
saying,  is  of  very  wide  importance  in  the  mining  industrioB 
—especially  coal  mining.     Our  coal  beds  are  very  greatly 
affected  in  various  ways,  by  the  volcanic  phenomena  that 
accompanied,  preceded,  or  followed  their  deposition.     Thus 
the  deposition  of  coal  may  have  been  affected  by  the  presence 
of  volcanic  hills,  which  would  forbid  those  conditions  under 
which  only  we  can  suppose  coal  to  have  been  formed — ^under 
swampy   conditions — and,   again,   the   deposition   of   good 
workable   coal   would   be   forbidden   by  the  proximity  of 
volcanic  eruptions,  inasmuch  as  the  volcanic  ejecta  would 
mix  with  the  coal  and  render  it  worthless.     Again,  the  coal 
beds,  subsequently  to  their  deposition,  may  have  been  pro- 
foundly affected  by  the  intrusion  of  various  volcanic  rocks 
amongst   them.     There   is  a  series  of   specimens  in  these 
drawers  which  will  illustrate  very  well  the  change  that  a 
bed  of  coal  has   been  found  to  undergo  in   contact  with 
volcanic  rocks.     Those  changes  are  of  two  kinds :    in  the 
first  place,  there  may  be  absolute  coking,  as  very  commonly 
occurs   locally;    on   the   other   hand,  there   may  be   more 
extended  conversion  into  anthracite.     In  the  one  case,  the 
coal  is  rendered  worthless  as  coal ;  in  the  other,  it  is  rather 
improved,  for  mere  heating  purposes,  but  that  advantage,  if 
advantage  it  be,  is  counterbalanced  by  the  way  in  which  the 
coal  is  broken  up  and  the  igneous  material  intruded  amongst 
it.     Before  I  go  further,  perhaps  I  may  be  permitted  to 
make  a  few  remarks  regarding  volcanic  phenomena,  and  the 
proofs  we  might  expect  to  find  of  the  former  existence  of 
volcanoes  in   this   country.     I  am  aware  that  I   shall  be 
traversing  old  groimd.     Several  of  my  hearers  have  already 
heard  my  opinions  upon  the  subject ;  and  of  course  will,  in 
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I  think  it  is  necessary  before  I  proceed'  to  show  what  proofs 

we  have  of  volcanic  action  in  the  carboniferous  period,  to 

point  out  the  results  which  might  be  expected  to  be  found  in 

the  rocks.     In  the  first  place,  usually  a  volcano  is  a  hill 

which  has  a  central  cavitv,  or  communication  with  a  heated 

portion  of  the  earth's  interior.     The  diagram  before  you 

shows  the  simplest  form  of  such  a  hill.     When  the  volcano 

has  been  built  up  to  a  certain  height,  it  not  uncommonly 

happens  that  fissures  are  rent  in  it,  and  these  fissures  are 

injected  with  molten  material  from  below.     Very  frequently, 

when  a  volcano  has  attained  to  a  considerable  size— almost 

invariably,  in  fact — the  great  weight  of  the  column  of  lava 

which  has  to  be  raised  in  order  to  overtop  the  edges  of  the 

crater,  or  central  cavity,  is  so  great  that  it  is  really  easier  to 

burst  a  fissure  in  the  flanks,  or  even  in  the  adjacent  country. 

These  fissures  very  commonly  run  for  miles,  and  may  be 

injected  with  molten  rock  ;  and  small  volcanic  hills  may  be 

thrown  up  along  the  course  of  the  fissure.     JStna  frequently 

exhibits  that  phenomenon.      In   addition    to   these   great 

dykes — ^these  masses  of  material  which  have  been  injected 

into  vertical  or « nearly  vertical  fissures — a   great  deal  of 

molten  rock  is  also  injected  horizontally,  or  approximately 

so  :  thus,  if  we  have  a  series  of  horizontal  beds,  we  will  say 

with  well-marked  planes  of  stratification,  it  not  unf  requently 

happens  that  the  ascending  mass  of  molten  material  sends 

off  a  leader  which  penetrates  in  this  fashion — (exhibited  by 

a  sketch  on  the  black  board).     Amongst  the  beds  in  the 

Newcastle  coal  field,  for  example,  great  intrusion  sheets  of 

that  description  have  been  observed  which  run  along  in  a 

very  hard  coal  seam,  and  render  it  utterly  worthless.     Then, 

take  another  case  of  the  simple  welling  out  of  lava  without 

the  formation  of  a  volcanic  hill.     The  molten  rock  wells  out 
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through  the  great  fissures  which  have  been  torn — (volcanic 
eruptions  being,  I  believe,  invariably  accompanied  by  earth- 
quakes)— and  floods  the  country  in  a  quiet  fashion,  without 
any  such  violent  explosion  as  we  are  accustomed  to  associate 
with  our  ideas  of  volcanoes.  Examples  of  this  may  be 
observed  very  commonly  in  the  Scotch  coal  fields.  In 
welling  out,  this  molten  material  follows  just  the  same  course 
that  it  would  when  upon  a  highly-inclined  surface — that  is, 
it  progresses  with  a  rolling  motion.  The  top  of  the  molten 
stream — the  roof  of  scoriaceous  lava — rolls  over  and  forms  a 
bed  for  the  lava  stream  to  be  deposited  on.  Thus  it  comes 
about  that  lava  streams  have  a  cindery  lower  surface.  These 
are  important  points  in  connection  with  the  history  of 
extinct  volcanoes,  because  such  facts  as  these  enable  us  to 
distinguish  between  intrusive  sheets — those  sheets  of  formerly 
molten  rock  which  have  been  intruded  in  amongst  the  strata 
in  the  way  represented  in  the  diagram — and  those  which 
have  actually  been  poured  out  at  the  surface  over,  say,  such 
a  bed  as  this  (illustrating  it  on  the  black  board).  In  the 
former  case,  there  will  be  no  cindery  upper  or  lower  surface, 
and  the  beds  above  and  those  below  would  be  baked — 
affected  by  the  heated  material — while  iu  the  case  of  a 
surface  flow  only  the  inferior  bed  would  be  so  affected. 
Now,  as  to  the  earthquakes :  we  may,  too,  get  a  great  deal 
of  information  from  those.  I  am  in  hopes  the  time  will 
come  when  we  shall  be  able  to  interpret  a  good  deal  of 
them.  We  do,  as  a  matter  of  fact,  find  "fossil  earthquakes:" 
they  are  usually  spoken  of  as  "  faults ;"  but  I  cannot  imagine 
any  conditions  under  which  rocks  should  be  rent  and  torn 
so  as  to  produce  a  fissure,  or  at  any  rate  a  line  of  breakage, 
running  for  hundreds  of  miles,  without  producing  a  violent 
concussion.  In  dying  out,  volcanoes  pass  into  a  quiescent 
stage,  when  they  merely  throw  out  mud  and  moisture,  and 
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finally  sink  down  and  exhale  various  gases.  Then  the  work 
of  the  atmosphere  comes  into  play,  and  they  are  gradually 
cut  down — cut  down,  it  may  be,  vertically,  as  in  one  of  the 
diagrams — ^the  net  result  may  be  to  reduce  them  approxi- 
mately to  a  level.  In  one  of  the  diagrams  I  have  represented 
an  extinct  volcano  in  the  Island  of  Mull :  there  we  have  a 
great  volcanic  cone  cut  down  almost  to  its  very  heart, 
and  the  great  frozen  lake  which  supplied  the  molten  material 
to  the  lava  streams  has  been  exposed.  By  a  further  process 
of  erosion  and  denudation  they  may  be  so  completely  cut 
down  that  all  the  lava  streams,  as  here  represented,  may  be 
removed ;  and  there  remains  merely  a  great  boss  of  some 
highly  crystalline  rock  such  as  granite.  These  great  bosses 
are  exceedingly  common  in  the  more  mountainous  parts  of 
the  British  Isles — ^for  instance,  in  Cornwall  and  Devon,  and 
in  the  North.  If  we  come  to  consider  the  carboniferous 
period  especially,  we  shall  find  that  intermingled  with  the 
various  members  of  the  carboniferous  series  are  unmistakable 
evidences  of  contemporaneous  volcanic  activity  :  in  fact,  the 
carboniferous  period  may  be  regarded  as,  par  excellence,  the 
volcanic  period  in  the  British  Isles.  Commencing  in  our 
own  district,  and  with  the  commencement  of  the  carboni- 
ferous period  :  By  the  kindness  of  Professor  Dawkins,  I  am 
enabled  to  show  you  a  map  of  the  probable  distribution  of 
land  and  water  in  the  lower  carboniferous  epoch — that  is  the 
period  corresponding  to  that  of  the  deposition  of  the  moun- 
tain limestone.  There  was  stretching  across  the  centre  of 
England  a  great  ridge  of  land,  with  sea  to  the  north  and 
south.  Cornwall  and  a  large  portion  of  Devon  were  occupied 
also  by  land ;  nearly  the  whole  of  Ireland  was  covered  by 
sea ;  and  Scotland,  to  the  south  of  the  Highland  line,  with 
little  islets  here  and  there,  such  as  in  the  Isle  of  Man  and 
the  Lake  country.     At  that  period,  we  have  evidences  of  very 


138 

great  volcanic  activity — activity  that  had  persisted  from  the 
preceding  Devonian  times.  In  our  own  district,  that  is 
in  Derbyshire,  there  were  three  great  flows  of  basaltic  lava — 
locally  called  toadstone — and  they  were  evidently  sabmarine 
flows,  gentle  wellings  out,  but  they  were  preceded  by  some 
little  violence  or  explosion,  no  doubt;  and  one  evidence 
of  the  explosive  preliminary  period  is  the  occurrence 
in  Tideswell  Dale,  and  two  or  three  other  places,  of  beds 
of  baked  mud,  lying  interposed  between  the  toadstone 
and  the  mountain  limestone  which  preceded  it.  This  bed  of 
mud  has  been  baked  by  contact  with  the  highly-heated 
molten  basalt,  and  a  beautiful  columnar  structure  has  been 
produced  in  it.  The  columns  are,  in  some  cases,  two  or 
three  feet  in  length.  In  Ireland,  at  the  same  period, 
especially  in  the  neighbourhood  of  Limerick,  there  were 
extensive  flows  of  basalt,  and  passing  further  northward  as 
far  as  the  Scotch  border,  and  beyond,  innumerable  evidences 
of  very  great  volcanic  activity  are  to  be  seen.  Small 
volcanic  hills  occurred  by  hundreds  in  a  large  portion  of 
Scotland  south  of  the  Grampians  and  down  to  the  English 
border,  extending  right  across  Scotland  from  Bute  and 
Arran  through  Fife.  There  are  still  remaining  not  merely 
sheets  of  lava  but  actual  volcanic  hills  and  beds  of  volcanic 
ash  :  the  last  notably  at  Burntisland ;  and  it  appears  exceed- 
ingly probable  that  the  Grampians  themselves  were  a  great 
chain  of  volcanoes  at  that  time.  They  are  now  completely 
worn  down  to  mere  stumps.  Passing  from  the  extreme 
north  to  extreme  south,  in  Cornwall  and  Devon  there  were 
volcanoes  in  the  Devonian  times,  and  those  volcanoes  were 
persistent  on  through  the  carboniferous  times ;  it  is  there- 
fore quite  clear  that  at  this  early  period  in  the  carboniferous 
epoch  a  great  cluster  of  volcanoes  occupied  nearly  the 
whole  of  the  British  Isles.     The  promontories,  in  Cornwall, 
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are  mainly  occupied  by  hard  igneous  rocks,  masses  of  granite 
that  formed  the  old  lava  lakes.     Proceeding  from  south  to 
north,  we   find  evidence  along  the  line  of  the  old  ridge, 
traversing  the  middle  of  England  from  east  to  west,  in  the 
upper  carboniferous  period,  that  that  ridge  was  gradually 
.^bmerged,  and  at  the  time  of  its  submergence  there  was 
a  g^reat  outburst  of    volcanic  activity,  evidence   of    which 
we  see  in  the   Warwickshire  and  South  Staffordshire  coal 
districts.     In  Anglesea,  during  the  deposition  of   the  car- 
boniferous limestone,  as  well  as  in  Ireland,  Derbyshire,  and 
the  Isle  of  Man,  there  is  also  evidence  of  volcanic  activity. 
On  the  Scotch  border  there  were  volcanoes  pouring  forth 
enormous  volumes  of  lava  ;  and  the  great  belt  of  volcanoes, 
stretching  right  across   the   central   portion   of    Scotland, 
continued  their  activity  into  the  upper  carboniferous  period, 
just  as  there  was  an  outburst  of  volcanic  activity  in  the 
Birmingham  district  in  the  upper  carboniferous.     You  thus 
see  that,  in  this  period,  the  volcanoes  were  to  be  reckoned 
by  scores — by  hundreds  probably—  large  and  small.      But 
the  volcanic  energy  was  gradually  dissipated,  and  in  the 
ensuing  period,  the  Permian,  it  was  hardly  apparent  at  all ; 
and  in  the  earliest  secondary  rocks,  the  Triassic,  the  solitary 
relic  we   appear  to  have  remaining  to  us  is  down  in  the 
neighbourhood  of  Exeter.     Then  there  was  a  great  lull,  and 
as  lulls  are  proverbially  the  harbingers  of  storms,  a  terrific 
outburst  took  place  in  comparatively  modern  times.    Skipping 
the  whole  of   the  secondary  period,  a  great  outburst  that 
appears  to  have  been  confined  to  the  Western  region,  the 
North  of  Ireland,  the  Hebrides,  and  the  great   Icelandic 
system  of  volcanoes.     These  eruptions,  though  they  do  not 
properly  concern  the  subject  on  which  I  am  addressing  you, 
did  profoundly  affect  our  coal  deposits ;  therefore  it  is  worth 
while  to  say  a  word  about  them.     In  the  Northumberland 
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coalfield  we  have  a  tremendous  system  of  dykes— dykes  of 
enormous  size  and  linear  extension — great  injected  fissures 
which  not  improbably  were  connected  with  the  great  extinct 
volcano  in  the  Isle  of  Mull,  and  which  extend  to  a  distance  of 
*2()0  miles  from  the  volcano.  We  have,  in  one  of  these  drawers, 
a  series  of  specimens,  to  which  I  have  already  alluded^ 
tnken  from  one  of  the  northern  coal  districts  where  this 
tertiary  volcanic  dyke  has  burst  in  amongst  the  coal  seams 
and  coked  them,  and  has  crushed  and  mingled  amongst  them 
so  that  the  fragments  are  almost  indistinguishable.  There 
is  one  point  connected  with  the  carboniferous  Yolcanoes 
which  is  of  some  interest  I  think.  It  is  still  a  debateable 
point  how  far  the  atmosphere  of  the  carboniferous  period 
difiered,  if  at  all,  from  the  atmosphere  of  the  world  as  it  is 
to-day.  It  is  beyond  all  dispute  that  enormous  quantities  of 
carbonic  acid,  or  more  properly  carbonic  anhydride,  were 
abstracted  from  the  atmosphere  and  locked  up  in  our  coal 
seams — a  quantity  out  of  all  proportion  to  the  actual  amount 
of  carbon  now  preserved  in  those  coal  seams;  and  it  has 
been  a  vexed  question  whether  or  no,  previous  to  that  great 
abstraction,  the  composition  of  the  atmosphere  was  verj' 
markedly  different  from  its  present  condition.  Now,  with  a 
great  series  of  volcanoes  in  all  stages  of  decay,  from  the  most 
active  to  the  absolutely  quiescent  condition,  we  shall  no 
doubt  have  had  many  fuming  volcanoes — those  in  the  last 
stage  of  dissolution ;  and,  from  our  experience  of  fuming 
volcanoes  as  they  are  presented  to  us  in  all  parts  of  the 
world,  it  seems  exceedingly  probable  that  they  were  pouring 
out  large  quantities  of  carbonic  anhydride.  One  single 
extinct  volcano,  fuming  away  in  the  Brohl  Thai,  has  been 
computed  to  pour  out  100,000  tons  per  annum ;  and  no 
doubt  there  are  many  other  carbonic  anhydride  springs,  as 
we  may  term  them,  doing  as  great  an  amount  of  work. 
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There  is  the  famous  valley  of  the  Upas  Tree,  in  the  Island 
of  Java,    and  all  round  about  the  Yesuvian    bystem    of 
volcanoes   there  are  springs  which,  no  doubt,  contribute 
largely  to  the  carbonic  anhydride  of  the  atmosphere,  and  do 
their  best  to  counterbalance  the  efforts  of  animals  and  plants 
to  abstract  it  and  store  it  away.     And  it  certainly  seems  a 
feasible    hypothesis   that,   at  the   period  of    which   I   am 
speaking,  these  very  volcanoes  were  contributing  their  quota 
to  the  restoration  of  the  balance — supplying  carbonic  anhy- 
dride to  the  atmosphere  as  fast  as  it   was  abstracted  by 
plants.     That,  of  course,  is  merely  a  suggestion  which  must 
be  taken  for  what  it  is  worth.     Certainly  the  carboniferous 
period,  so  called,  is  not  the  only  carboniferous  period  :  it  is 
the  most  important  one  to  us,  but  in  other  parts  of  the  world 
the   "  carboniferous "  periods  occurred  at   geological   epochs 
long  subsequent  to  our  Paheozoic  one.     In  America  and  in 
the  northern  and  central  portions  of  the  European  Continent 
the  coal  beds  are  of  this  carboniferous  age,  but  in  other 
parts  there  are  Jurassic — that  is,  secondary — coals,  and  in 
others  tertiary  coals.     The  latter  deposits  have  not  had  time 
to    pass  through   the  long  series  of  changes  necessary  to 
oonvert  them  into  similar  coal  to  that  of  our  carboniferous 
«poch ;   but  have  only  reached  the  lignite  stage,  e.g.,  the 
l>rown  coals  of  Bohemia,  coals  of  very  great  importance ; 
and  in  Switzerland,  on  many  railway  lines,  tertiary  coal  is 
reg^arly  used  as  fuel  for  the  locomotives.     Considering, 
therefore,  the  long  period  of  time  that  has  elapsed  since  the 
carboniferous  formation,  and  that  it  was  the  great  carboni- 
ferous period,  and  not  the  only  one,  I  do  not  think  it  is 
altogether  unfair  to  assume  that  the  atmosphere  was  very 
much  then  as  it  is  now.     I  have  here,  besides  the  specimens 
I  have  alluded  to  as  illustrating  the  alterations  of  coal  seams, 
a  few  characteristic  igneous  rocks,  showing  the  activity  of 
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carboniferoas  ToIcanoe»  in  other  psrts  of  the  kingdom.  I 
hare  placed  amongst  them  one  or  two  that  poasiblT  may  give 
rise  to  some  comment — specimens  of  dyke-stoneB ;  volcanic 
rocks  from  dykes,  from  the  great  system  of  Comiah  vol- 
canoes ;  and  a  few  ondoubtedlv  interstratified  carboniferous 
volcanic  rocks  from  Scotland.  Amongst  theee  there  are 
actual  lavas  and  specimens  of  beds  of  vokanic  ash  that 
accompanied  the  outflow  of  the  lavas  from  some  of  the 
Scotch  volcanoes.  I  will  not  detain  you  with  any  further 
remarks,  and  I  thank  vou  for  the  attention  with  which  vou 
have  listened  to  me. 

A  cordial  vote  of   thanks  to  Mr.  Kendall  having  been 
unanimously  passed, 

Mr.  DicKiN<4)N  said :  I  was  not  aware,  when  I  came  here 
this  evening,  what  part  of  the  subject  of  volcanoes  Mr. 
Kendall  was  going  to  take  up,  so  that  I  have  not  studied 
the  subject  at  all ;  but  I  have  myself  visited  a  great  portion 
of  this  verv  wide  district  over  which  he  has  conducted  us. 
I  know  the  Cornish  bosses  of  granite,  and  I  can  follow  him 
up  through  Wales,  and  on  to  Ireland  and  Switzerland  and 
Scotland,  so  that  what  I  say  I  can  reaUy  speak  from  my 
own  obserTation.  I  have  been  much  interested,  and  indeed 
instructed,  by  what  I  have  heard  this  evening,  although  one 
may  not  agree  with  all  the  views  that  Mr.  Kendall  has  laid 
down.  Now,  in  Scotland,  for  instance,  I  have  sunk  shafts 
down  through  those  beds  of  what  is  there  called  ''  floating 
whin.''  They  lie  almost  as  a  stratum  in  the  coal  field,  but 
do  not  always  maintain  their  regular  position.  It  certainly 
is  a  fact,  as  Mr.  Kendall  has  stated,  that  in  proximity  to 
these  beds  of  floating  whin  the  nature  of  the  coal  is  almost 
invariably  changed.  In  Scotland,  I  think,  the  character 
generally  is  to  become  anthracite, — almost  as  fine  as  that  in 
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the  western  parts  of  South  Wales.  At  least,  such  is  my 
experience  of  it.  There  is  another  fact  I  would  like  to 
mention.  I  do  not  know  any  place  where  these  beds  of 
floating  whin,  or  basalt,  are  met  with  unless  there  are  those 
trap  dykes  running  through  the  district.  These  trap  dykes 
occur  in  the  Newcastle,  in  the  Scotch  coal  field  ;  also  in  the 
Irish  coal  field  about  Ballycastle,  in  County  Antrim.  Mr. 
Stirrup  has  said  that  we  have  none  of  these  dykes,  as  far  as 
he  knows,  in  the  Lancashire  coal  field.  I  do  not  believe  there 
is  such  a  thing.  I  have  never  heard  of  one.  We  had  once 
brought  before  the  Society  a  notice  of  one  met  with  out  of 
the  coal  field,  beyond  Chatbum,  and  that  is  the  only  instance, 
80  far  as  I  know,  of  anything  of  the  kind  in  Lancashire. 
We  have  no  beds  of  floating  whin.  I  think  the  same  may 
be  said  of  the  main  Newcastle  coal  field :  there  is  no  such 
thing  as  a  bed  of  floating  whin  until  you  reach  the  north- 
western portion  of  it,  where  the  coal  seams  lie  stratified  with 
the  mountain  limestone,  and  there  the  same  bed  of  floating 
whin  is  found  as  the  bed  which  runs  through  the  lead 
mining  districts  of  Durham  and  Cumberland.  I  have  myself 
surveyed  that  and  the  Roman  wall  built  on  the  top  of  it, 
north  of  Haydon  Bridge  and  Haltwhistle.  The  out-crop  of 
this  whin  may  be  traced  for  miles  :  on  the  top  it  is  almost  a 
regular  stratified  bed.  The  bottom  of  it  is  not  seen  in  many 
places,  but  I  remember  distinctly  seeing  it  at  Tees  Force, 
where  the  waterfall  overflows  it.  This  same  bed  corres- 
ponds with  the  toadstone  of  Derbyshire.  I  told  you  that  I 
had  myself  sunk  shafts  through  floating  whin  in  Scotland, 
and  worked  coal  above  it  and  below  it,  and  found 
the  nature  of  the  coal  was  taken  out;  but  never,  in  any 
one  of  these  workings,  have  I  seen  or  heard  of  any  crater 
from  which  the  lava  or  whin  has  been  emitted — only  those 
trap  dykes  which  run  through  the  country,  and  which  are 
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nearly  vertical.  I  know  of  no  other  source  but  the  dykes. 
I  have  never  heard  of  a  crater  being  met  with  in  working 
the  coal  in  all  the  extensive  workings  in  Scotland.  There 
may  be  such,  but  they  have  not  come  under  my  notice. 
And  these  dykes,  instead  of  running  at  various  angles,  as 
in  the  section  exhibited  here — showing  angles  of  45  degs. — 
are  almost  invariably  perpendicular,  or  nearly  so,  with  little 
displacement  of  the  strata.  The  strata  at  the  sides  of 
them  are  burnt,  and  the  coal  is  sometimes,  as  Mr. 
Kendall  told  you,  a  perfect  cinder ;  but  apparently  these 
beds  of  floating  whin  have  been  intruded,  when  the 
strata  were  soft,  and  not  after  the  rocks  had  assumed  their 
present  form.  One  very  interesting  fact  I  might  mention, 
which  I  met  with  in  Ayrshire,  where  I  had  sunk  20 
fathoms  through  one  of  these  beds  of  whin.  Two  miles 
away  from  that  place,  the  nature  of  the  rock  changed 
considerably,  and  became  an  almost  pure  siliceous  rock. 
The  floating  whin  is,  itself,  a  softish,  not  brittle  stone;  it 
does  not  make  a  good  road  material,  like  that  from  the 
dykes — it  pulverises.  If  put  into  the  fire  it  does  not  fly  but 
melts,  and  I  have  many  times  melted  an  iron  button  from 
it  in  a  crucible  with  the  addition  of  a  little  flux.  But  the 
subject  is  so  wide  it  is  almost  impossible  to  touch  upon  these 
things.  As  to  the  Cornish  bosses  of  granite,  I  cannot  think 
they  ever  were  volcanoes.  And  as  to  the  beds  of  coal  that 
are  met  with  in  Switzerland,  these  come  in  in  the  most 
curious  way.  You  may  go  into  one  of  the  underground 
workings  and  find  the  coal  varying  up  to  9  feet  in 
thickness,  in  lenticular  masses,  swelling  out  from  just  merely 
a  parting  between  two  rocks,  and  disappearing  again  in  like 
manner.  I  have  never  traced  underneath  this  coal  any 
stigmaria,  such  as  we  have  underneath  our  coal  seams  here. 
I  have  manv  times  looked  for  them,  but  could  never  find 
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any.  On  visiting  the  Mont  Cenis  Tunnel,  during  its  con- 
struction, I  observed  a  coal  seam  about  a  foot  thick.  They 
said  they  had  passed  through  several  such  seams  in  cutting 
the  tunnel.  And,  as  to  the  Irish  coal  field,  I  cannot  bring 
my  mind  to  believe  that  the  appearances  there  observed  were 
caused  at  all  by  volcanoes.  The  whole  of  the  north-eastern 
portion  of  Ireland  has  thick  beds  of  basaltic  rock,  stratified 
with  it  in  beds,  corresponding  to  those  in  the  south 
of  England  lying  above  and  below  the  chalk.  They 
have  in  Ireland  been  changed  from  some  cause  into 
a  species  of  basalt  or  trap ;  but  what  that  cause  has 
been  I  cannot  pretend  to  say ;  and  have  been  placed 
in  position  without  any  material  disturbance  of  the  sur- 
rounding beds. 

Mr.  R.  Burrows  said:  There  can  be  no  doubt  that  we 
have  had  volcanoes  in  the  carboniferous  period,  and  volcanic 
outbursts  in  the  secondary  period;  but  it  strikes  me  that 
many  of  the  volcanic  outbursts  in  Scotland,  Wales,  and 
Devonshire  must  have  been  at  an  age  long  anterior  to  the 
carboniferous.  I  have  always  had  the  idea  that  those  were 
amongst  the  earliest  rocks  we  had.  I  do  not  see  that  the 
lecturer  has  given  any  grounds  for  the  statement  that  the 
great  volcanic  bosses  in  Cornwall  and  Devon  and  the 
volcanic  outbursts  in  the  north-west  were  connected  with 
the  carboniferous  period.  I  should  like  to  hear  something 
more  explicit  on  the  part  of  the  lecturer  a  little  later  on.  I 
may  say  that,  on  one  occasion  when  I  was  down  in  Derby- 
shire^ I  obtained  a  very  curious  hand-specimen :  it  was  a 
piece  of  charcoal  embedded  in  the  limestone.  I  got  it  at 
the  foot  of  Mam  Tor,  at  a  spot  where  men  had  been  breaking 
up  the  limestone  for  the  roads;  and  when  I  broke  the 
specimen  in  two  the  charcoal  was  perfectly  iridescent.     I 
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crumpling  and  contortion  that  is  observed  almost  eveiy- 
where  in  these  Devonian  beds  where  they  are  in  proximity 
to  the  granite.  In  facfc,  without  seeing  the  granite,  one 
might  almost  have  predicted  its  discovery  in  particular 
regions  from  the  contortions  of  the  Devonian  beds.  It  is 
exceedingly  marked,  and  they  have  undergone  considerable 
metamorphosis  besides.  I  have  brought  with  me  a  geological 
map  of  the  Land's  End  district  of  Cornwall :  between 
Mount's  Bay  and  St.  Ive's  Bay  the  alteration  is  so  great 
that  it  is  hardly  possible  to  distinguish  between  the  two 
rocks.  Then  we  have  the  great  system  of  dykes — vertical 
fissures  traversing  the  country  for  miles.  They  occur  here 
in  dozens,  just  in  this  one  little  bit  of  country,  and  they 
obviously  have  relation  to  that  great  granite  mass  which 
constitutes  the  Land's  End  peninsula ;  so  that  I  think  the 
evidence  is  very  strong  indeed  that  these  were  lava  lakes — 
that  is,  underground  reservoirs  whence  the  molten  rock  was 
driven  which  injected  all  those  fissures ;  and  since  the 
fissures  traversed  the  water-deposited  Devonian  rocks,  it 
needs  no  further  demonstration  that  they  are  post-Devonian 
at  least.  We  have  the  evidence  of  the  North  Devon  car- 
boniferous rocks  that  there  were  volcanoes  in  the  near 
neighbourhood  in  active  operation  during  the  carboniferous 
times,  and  I  think  it  is  a  very  fair  assumption  that  those 
volcanoes  were  situated  where  the  great  granitic  bosses  are. 
The  latest  outburst  of  volcanic  activity  in  the  British  Isles 
between  the  carboniferous  series  of  operations  and  the 
incalculably  later — in  years — Miocene  outbreak,  is  in  that 
Cornish  area,  showing  that  the  volcanoes  which  were  in 
operation  in  carboniferous  times  had  not  ceased  until  just  at 
the  beginning  of  the  secondary  period.  With  reference  to 
the  carbonaceous  material  in  the  north  of  Cornwall,  it  is 
necessary,  perhaps,  to  explain  the  lines  upon  these  maps. 
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I  do  not  think  Professor  Dawkins  would  insist  upon  their 
rigid  accuracy,  within  a  few  miles,  and  the  extension  of  the 
upper   carboniferous  marsh   land  may  have   been   a  little 
further  south  than  the  colour  has  been  carried  in  the  map. 
That  will  explain  the  coal  measures  of  the  south  of  England. 
In  Mr.  Dickinson's  very  excellent  and  practical  remarks  there 
were  two  points  upon  which  I  might  be  permitted  to  say  a 
word  or  two.     First,  as  to  the  absence  of  "  floating  whin," 
that  is,  lava  streams,  in  the  Northumberland  coal  field,  or 
in  the  coal  workings,  except  where  those  workings  have  been 
carried  down  into  the  coal  seams  of  the  carboniferous  lime- 
stone age ;  for  it  must  be  understood  that,  when  Lancashire 
^^'as  occupied  by  a  carboniferous  limestone  sea,  Northumber- 
land  and   the   south  of   Scotland  were   undergoing  great 
ohanges  of  level,  and  sometimes  the  upward  tendency  was 
sofliciently  long  to  permit   the   formation  of  coal   seams. 
Well,  that  I  think  is  quite  consistent  with  the  idea  that 
tiiere  is  some  connection  between  the  volcanic  outbursts  in 
I>erby8hire  and  that  in  the  Northumberland  coal  field.     The 
i^eous  rocks  there  certainly  appear  to  be  interbedded  with 
"the  mountain  limestone.     I  believe  Mr.  Dickinson's  sugges- 
tion is  perfectly  accurate,  that  there  are  no  actual  craters  to 
te  seen  in  the  Scotch  carboniferous  volcanoes.     That  can  be 
very  easily  understood.     When  a  volcano  has  died  out,  it 
lias  a  tendency  to  be  worn  down.     For  example,  in  the  Peak 
of  Teneriffe  we  have  a  most  beautiful  cone  at  a  very  high 
altitude.     The  loose  volcanic  ash  that  built  up  the  upper 
portion  of  the  cone  has  been  blown  away,  and  left  exposed  a 
neck  which  represents  the  last  bit  of  lava  that  it  tried  to 
pour  out.     Thus  we  have  a  solid  column  of  lava  standing 
up  above   the   summit.      Now,   such    necks   as  these   are 
exceedingly  common  in  the  Scotch  carboniferous  rocks ;  but 
the  actual  crater,  I  believe,  has  not  been  observed.     That 
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explanation,  at  all  events,  satisfies  me.  The  absence  of 
stigmaria  in  the  Swiss  coal  field  is  explained  by  the  fact  that 
the  beds  are  of  different  age.  They  are  of  Tertiary  age — at 
least  those  to  which  I  refer.  I  believe  there  are  some  beds 
of  carboniferous  age  in  Switzerland,  but  the  brown  coals 
are  not  of  that  age,  and  the  conditions  of  their  accumulation 
were  probably  very  different. 


After  the  close  of  the  proceedings  in  the  Mineralogical 
Museum^  the  tnembers  spent  a  little  time  in  examining  the 
collections  in  the  Geological  Museum. 


TRANSACTIONS 


OF  THE 


MANCHESTER    GEOLOGICAL     SOCIETY. 


Pabt  VII.  Vol.  XIX.  Session  1886-7. 


The  Ordinary  Meeting  of  the  Members  was  held 
on  Tuesday,  March  Ist,  1887,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

In  the  unavoidable  absence  of  the  President  (Professor 
ioYD  Dawkins),  Mr.  George  Wild,  one  of  the  Vice- 
-Presidents, was  voted  to  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted   for,  and  duly 
®*^cted,  Ordinary  Members  of  the  Society: — 

Samuel   Sydney  Platt,   M.I.C.E.,   Borough   Surveyor, 

Rochdale. 
Charles  Chandley,  Hulton  Collieries,  near  Bolton. 
J.  Stanley  James,  Surveyor,  Atherton  Collieries. 
Richard  Walkden,  Colliery  Manager,  Darwen. 
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THE  PREATLANTIC  LAND. 


The  first  business  on  the  agenda  paper  was  the  discussion 
of  the  paper,  read  at  a  former  meeting  of  the  Society  by 
Mr.  B.  T.  Burnett,  on  *^The  question  of  the  pre- Atlantic 
Land,"  but  in  the  absence  of  the  author,  from  whom  the 
Hon.  Secretary  (Mr.  Stirrup)  had  received  a  note  stating 
that  he  was  unfortunately  prevented  from  being  present, 
the  discussion  was  not  proceeded  with. 


ON  THE  SUBSIDENCES  IN  THE  SALT  DISTRICTS 
OF  CHESHIRE :  THEIR  HISTORY  AND  CAUSE. 

By  Mr.  Thomas  Ward. 


Attention  has  been  called  very  frequently  of  late  by 
paragraphs  in  the  newspapers  to  subsidences  occurring  in 
the  salt  districts  of  Cheshire,  and  more  especially  in  the 
neighbourhood  of  Northwich.  I  wish  in  this  paper  to 
explain  fully  the  nature  and  extent  of  these  subsidences,  as 
well  as  their  cause,  and  the  consequences  following  from 
them.  The  question  is  one  of  great  importance  and  interest, 
not  only  to  the  inhabitants  of  the  district  where  the  sinkings 
occur,  but  also  to  geologists  and  scientific  men.  The  sub- 
sidences occurring  in  the  Cheshire  salt  districts  may  be 
divided  into  two  distinct  classes : — 

First :  Those  taking  the  form  of  a  funnel-shaped  hole  of 
Viirying  diameter  and  depth. 

Second:  Those  forming  trough-shaped  hollows,  varying  in 
breadth  and  depth.     Synclinals,  these  may  be  called. 

The   funnel-shaped  holes*  usually  differ  very  much  in 

*  It  shoald  be  mentioned  that  the  holes  at  their  first  formation  are  not 
funnel  shaped,  bat  tceil  shaped.  The  sides  slipping  till  they  form  an  angle 
of  rest  produce  the  funnel  shape. 
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size.  The  larger  class — varying  from  30  or  40  yards  to 
over  100  yards  in  diameter,  and  from  a  few  feet  to  40  feet 
or  50  feet  in  depth — are  directly  connected  in  the  neigh- 
bourhood of  Northwich  with  old  rock  salt  mines.  There 
are,  however,  in  the  Winsford  district  holes  connected  with 
the  next  class  which  are  as  large  as,  and  in  the  case  of 
Marton  hole  larger  than,  these  connected  with  rock  salt 
mines.  The  origin  of  these  latter  shall  be  explained  later 
on. 

The  smaller  class  of  funnel-shaped  holes  rarely  exceed  15 
to  20  feet  in  diameter,  with  a  depth  of  from  10  to  20  feet. 
It  is  this  latter  class  that  causes  the  subsidences  about  which 
we  hear  so  much  in  the  papers.  They  are  not  in  any  way 
connected  with  rock  salt  mines,  but  occur  over  what  are 
called  brine  "runs.*'  In  both  cases  it  is  evident  that  the 
subsiding  earths  must  fall  into  some  existing  cavity  below 
them,  and  the  cause  of  the  cavity  must  be  the  cause  of  the 
sabsidence. 

The  trough-shaped  hollows  may  be  divided  into  three 
classes : — 

1.  Deep  troughs  with  stepped  or  terraced  sides,  the 
whole  surface  being  much  broken  up. 

2.  Shallower  troughs,  with  sides  not  terraced  or  broken  up. 

3.  Very  shallow,  almost  imperceptible,  hollows,  extending 
Over  a  considerable  area. 

Before  pointing  out  the  cause  of  these  different  sinkings, 
I  will  give  the  history  of  the  various  kinds  of  subsidence  in 
Cheshire. 

The  Cheshire  meres  are  supposed  by  many  geologists  to 
be  the  earliest  instances  of  subsidence  in  the  county.  They 
Qiay  have  been  so  formed,  but  the  evidence  to  substantiate 
the  theory  is  based  on  the  phenomena  attending  the  later 
subsidences.  I  know  of  nothing  definitely  proving  the 
truth  of  the  theory. 
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In  1533  Leland  reports  a  sinking  as  having  occurred 
near  Combermere,  and  a  pit  having  formed  containing  salt 
water.  The  pit  remained  for  a  number  of  years,  but  no 
trace  of  it  now  exists.  This  was  a  small  sinking,  being  "  a 
pease  of  a  hill  having  trees  on  hit/'  and  was  similar  to  a 
number  that  have  occurred  in  the  Winsford  district  of  late 
years. 

In  1657  a  small  sinking  occurred  at  Bickley,  near  Malpas. 
No  trace  of  it  now  remains. 

In  1713  a  sinking  occurred  at  Weaver  Hall,  to  the  south 
of  Winsford.  This  was  very  small,  and  was  at  once  filled 
in.     No  trace  of  it  now  exists. 

From  the  descriptions  handed  down  to  us,  these  sinkings 
belonged  to  the  class  of  funnel-shaped  holes  of  small 
diameter  and  depth. 

In  the  year  1670  rock  salt  was  discovered  on  the  Marbury 
Estate,  about  one  mile  to  the  north  of  Northwich.  We 
have  no  records  of  the  time  when  the  first  mine  was  sunk ; 
but  as  there  were  no  means  of  conveying  the  rock  salt  away 
in  considerable  quantities,  it  is  probable  that  only  one  or 
two  mines  were  worked  in  the  17th  century.  Early  in  the 
18th  century  an  Act  of  ParUament  was  obtained  for  making 
the  river  Weaver  navigable.  This  was  in  1721.  Although 
the  Weaver  was  not  completed  as  a  navigable  stream  till 
ten  years  afterwards,  small  boats  conveyed  parcels  of  salt 
down  it  at  an  earUer  date.  In  1732  some  9,000  tons  of  rock 
salt  were  sent  down  the  river.  In  1744  this  had  reached 
11,744  tons;  in  1747,  13,310  tons;  in  1764,  30,000  tons; 
in  1778,  54,000  tons ;  in  1796,  73,328  tons.  It  will  be  seen 
that  there  was  a  gradual  increase  of  rock  salt  shipments. 
The  rock  salt  discovered  in  1670  forms  the  first  bed,  lying 
from  40  to  50  yards  below  the  surface,  and  having  an 
average  thickness  of  about  25  yards.  All  the  mines  were 
worked  in  this  bed  imtil  after  1781,  when  a  lower  bed  of 
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better  qnality  was  discovered.  No  mines  were  worked  at 
Winsford  in  the  first  bed  of  rock  salt.  The  first  subsidences 
noticed  near  North wich  commenced  about  1750.  Theie  is 
one  mentioned  as  having  occurred  in  1720,  but  this  date  is 
very  doubtful.  In  1750  we  commence  with  a  series  of 
subsidences  of  the  deep  and  wide  funnel-shaped  form.  I 
have  evidence  of  sinkings  of  this  kind  in  1750,  1757,  1759, 
1764,  1765,  1773,  1783  (three  or  four),  1785,  all  along  the 
banks  of  the  Weaver  and  the  Witton  Brook.  Besides 
these,  between  1760  and  1800  there  were  some  six  or  more 
in  Dunkirk  and  Wincham,  in  the  immediate  neighbourhood 
of  Northwich,  and  since  1800  some  seven  in  Dunkirk  and 
several  in  Wincham.  All  these  subsidences  were  directly 
connected  with  mines  in  the  top  bed  of  rock  salt,  and  were 
in  almost  every  case  caused  by  the  breaking  in  of  fresh 
water.  With  one  exception  every  "  top  rock "  salt  mine 
has  collapsed  and  formed  what  is  called  a  "  rock  pit  hole." 
During  the  greater  portion  of  the  18th  century  no  subsi- 
dences other  than  the  deep  and  wide  funnel-  shaped  connected 
with  rock  salt  mines  occurred. 

About  the  year  1790,  when  we  have  a  distinct  record,  but 
probably  a  few  years  earlier,  subsidences  of  the  trough- 
shaped  hollow  kind  commenced.  As  these  occur  very 
frequently  where  no  mines  have  been  worked,  it  will  be 
seen  that,  unlike  the  former,  they  cannot  be  connected  with 
rock  salt  mining.  From  the  year  1790  to  the  present  time 
this  class  of  sinkings  has  gone  on  increasing  in  extent  year 
by  year.  We  have  clear  and  distinct  evidence  from  maps 
and  documents  of  1790,  1795,  1797,  1800, 1811, 1819, 1829, 
1837,  1842,  1848,  1857,  1875,  1880-86  of  the  growth  of 
these  subsidences  in  the  Northwich  district.  In  the  Wins- 
ford  district  we  have  little  or  no  evidence  prior  to  1820. 
From  that  date  down  to  the  present  time  every  year  has 
seen  an  extension  of  the  trough-shaped  hollows.     It  will  be 
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evident  that  the  bottom  of  the  trough  must  become  a 
receptacle  of  the  rain-fall  and  drainage  of  the  immediate 
neighbourhood,  and  thus  small  lakes  be  formed.  Where 
these  sinkings  occur  in  the  vicinity  of  rivers  and  brooks 
they  are  soon  detected,  as  the  water  from  the  streams  covers 
the  low-lying  land  on  their  banks,  and  a  lake  commences 
which  increases  year  by  year.  At  North wich  a  lake  of  over 
100  acres  in  extent,  which  is  daily  increasing,  has  been 
formed,  besides  two  others  within  15  years,  covering  over 
15  acres.  At  Winsford  two  lakes,  called  the  Upper  and 
Lower  Flashes,  covering  at  least  100  acres,  and  still  rapidly 
extending,  besides  several  minor  ones,  form  prominent 
objects  in  the  landscape.  At  Billinge  Green,  near  North- 
wich,  a  lake  is  now  rapidly  forming,  which  is  at  least  two 
miles  from  any  salt  works.  At  Marton,  near  Winsford,  a 
deep  lake  of  four  acres  in  extent  has  been  formed  since  1870. 
Besides  the  lakes  thus  formed,  many  hundreds  of  acres  of 
land,  comprising  portions  of  the  towns  of  Northwich  and 
Winsford  and  the  adjacent  fields,  are  afiected  by  these  sub- 
sidences. 

There  has  been  carried  on  in  Cheshire  from  the  times  of 
the  Romans  the  manufacture  of  white  salt  from  brine.  As 
long  as  the  means  of  communication  were  imperfect,  very 
little  salt  was  made,  except  such  as  was  required  in  the 
county  and  adjacent  districts.  There  is  good  evidence  to 
show  that  this  was  probably  not  more  than  30,000  tons  per 
annum,  all  manufactured  from  natural  springs  of  brine  that 
had  been  known  for  ages.  After  the  river  Weaver  was 
made  navigable,  an  export  salt  trade  commenced,  which,  as 
the  following  table  will  show,  grew  remarkably  fast, 
especially  at  certain  periods.  During  the  last  century,  and 
in  fact  till  1840,  the  salt  sent  down  the  river  Weaver 
fairly  represented  all  salt  exported.  To  this  might  be  added 
the  quantity  consumed  inland,  to  give  the  total  manufacture. 
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After  1840  railways  took  off  much  salt,  and  we  may  safely 
add  from  a  quarter  to  one-third  more  to  the  figures  given 
below  to  arrive  at  the  total  make. 

White  Salt  Shipped  down  the  Weaver. 

Year.  Tons. 

1732 5,202 

1744 8,279 

1764 18,637 

1777 31,000 

1796 10P,166 

1820 186,666 

1830 312,012 

1840 414,156 

1850  607,395 

1860 695,772 

1870 901,158 

1880 1,087.214 

It  will  at  once  be  seen  that  up  to  the  end  of  the  last 
century  very  Kttle  salt  was  sent  away.  Between  1777  and 
17y6  there  was  a  rapid  growth,  and  it  is  in  this  interval 
that  we  first  find  the  subsidences  of  the  8(K;ond  kind  of  which 
we  are  speaking  occurring.  The  Winsford  shipments  at 
this  period  were  only  about  one- third  of  the  whole.  In 
1825  the  duty  was  taken  off  salt,  hence  the  marked  increase 
shown  in  1830. 

From  1830  to  1840  improved  means  of  communication 
were  opened  out,  and  there  was  again  a  large  increase.  In 
1844  the  East  Indies  were  opened  to  English  salt,  hence  the 
rapid  growth  shown  in  1850.  After  1860  the  alkali  manu- 
facture sprang  up  rapidly,  and  its  influence  is  seen  in  the 
figures  of  1870. 
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If  we  now  examine  the  facts  as  regards  subsidence  by 
these  figures,  we  shall  find  that,  in  exact  proportion  to  the 
increase  of  the  quantity  of  salt  made,  so  do  the  subsidences 
increase.  Prior  to  1777  we  have  no  records  of  the  class  of 
subsidence  to  which  we  are  now  referring.  Between  1777 
and  1802  we  find  refereoces  to  slight  sinkings  along  the 
course  of  the  Witton  Brook,  but  at  that  date  the  two  chan- 
nels made  in  1765  and  following  years  existed,  and  the 
banks  were  high  except  in  one  small  portion.  In  1811  the 
removal  of  a  lock  drained  all  the  water  off  the  then  subsided 
land.  In  1819  Ormerod  mentions  sinking  as  commencing 
in  Northwich  and  its  suburbs.  So  unimportant  must  the 
sinking  have  been  early  in  this  century,  that  neither 
Holland,  in  1808,  in  his  "  Agriculture  of  Cheshire,"  nor 
Lysons,  in  1810,  make  any  reference  to  it.  In  1829  the 
sinking  had  extended  along  the  Witton  Brook,  and  at 
Anderton.  In  1837  the  subsiding  portion  of  the  brook, 
which  in  1790  was  130  yards  long  by  90  wide,  had  extended 
to  1,230  yards  by  130.  The  sinking  occupied  about  20 
statute  acres,  irrespective  of  the  area  of  the  brook.  In  32 
years  some  of  the  land  had  sunk  24  feet,  whilst  from  1839 
to  1843  portions  sunk  3  feet.  In  1848  Ormerod,  in  a  paper 
communicated  to  the  Geological  Society,  describes  pretty 
fully  the  extent  of  the  subsidence.  He  mentions  that  no 
sinking  had  occurred  at  the  Dane  Bridge.  Since  then  it 
has  rapidly  sunk,  and  has  been  rebuilt  and  lifted.  In 
Leftwich  no  sinking  had  occurred  ;  this  is  now  one  of  the 
worst  places  in  the  district.  In  1880  the  top  of  the  brook 
showed  a  sinking  area  4,370  feet  in  length  by  1,470  feet  in 
breadth  in  the  widest  portion.  Were  I  to  attempt  to 
describe  the  area  of  the  subsidence  now,  my  paper  would  be 
far  too  long.  Suffice  it  to  say  that  in  1880  it  was  estimated 
that  in  the  Northwich  district  over  1,200  acres  of  land  were 
afiected,  and  in  Winsford   district  over  1,500  acres.      In 


159 

Northwich  district  nearly  900  buildings,  and  in  Winsford 
district  over  400,  were  more  or  less  affected,  and  the  approxi- 
mate value  of  this  property  was  nearly  half  a  million  of 
money.  At  the  present  moment  the  sinking  in  the  North- 
wich district  is  proceeding  at  a  more  rapid  rate  than  ever. 
At  Billinge  Green  there  was  no  sinking  in  1850 ;  now  there 
is  a  deep  pit  covering  several  acres,  and  fully  120  acres  in 
all  are  subsiding,  damaging  the  banks  of  a  canal  and  the 
bridges  of  a  railway.  In  the  Winsford  district,  since  1820, 
the  sinking  has  gone  on  more  rapidly  even  than  in  the 
Northwich  district. 

Bearing  in  mind  these  facts,  let  us  ask  ourselves  what 
cause  there  is  for  this  commencing  and  ever-increasing  sub- 
sidence  within   the   last   century,    which  did   not   operate 
before  ?     To  geologists  it  is  evident  that  there  must  be  some 
subterranean  denudation  occurring  which  is  removing  por- 
tions of  the  inferior  beds,  and  allowing  the  superior  to  sink 
into  the  hollows  thus  formed.     If  this  be  so,  how  is  it  that 
the  denudation,  if  natural,  has  not  acted  throughout  all  past 
time  ?  and  if  it  has  so  acted,  how  is  it  that  the  evidence  of 
its  action  has  only  been  so  recently  shown  ?     Again,  why 
should   a   natural  cause   remain   quiescent   for  ages,  then 
commence  on  a  small  scale,  and  continuously  and  rapidly 
proceed  to  the  present  formidable  dimensions  ?     Volcanic 
eruptions  are  erratic  ;  but  when  a  volcano  is  in  violent  action 
the  results  in  the  shape  of  lava,  pumice,  ashes,  mud,  &c., 
are  very  patent.     Again,  after  the  violent  thunderstorm  or 
tropical  rain-deluge,  when  denudation  of  the  earth's  surface 
takes  place  on  a  gigantic  scale,  the  denuded  earths  can  be 
seen  and  traced ;  but  where  is  the  matter  denuded  in  the 
Cheshire  salt  districts  if  it  is  nature  that  is  so  busily  at 
work  ?     No  trace  can  be  found  of  nature's  action  in  this 
matter.     If,  then,  the  subsidences  now  occurring  are  different 
from  those  which  happen  when  nature  is  left  free  to  work 

10a 


160 

herself,  we  must  look  for  some  non-natural  or  artificial 
cause.  If  the  problem  were  put  before  a  geologist  in  thia 
form :  In  the  county  of  Chester  the  land  over  many  hun- 
dreds of  acres  is  subsiding ;  large  lakes  of  considerable  size 
and  of  great  depth  are  being  formed;  this  sinking  only 
commenced  a  century  since,  and  at  first  was  small  in 
extent ;  but,  as  time  passed  by,  the  area  afiected  increased 
in  an  accelerated  ratio,  and  at  the  present  moment  still 
increases  very  rapidly — What  is  the  cause  ?  I  take  it  that 
he  would  say  :  Does  this  sinking  spread  over  a  considerable 
area,  and  is  it  a  very  slow  and  gradual  one,  extending 
equally  to  all  parts  of  the  area  ?  If  so,  the  district  may  be 
undergoing  one  of  those  periods  of  depression  so  common  to 
all  geologic  times  and  all  parts  of  the  earth.  The  answer 
would  be  that  the  sinking  did  affect  considerable  areas,  but 
was  not  slow  nor  yet  equally  distributed  over  the  whole 
area,  but  very  sudden  and  rapid  in  parts — not  so  rapid  in 
other  parts,  and  in  some  scarcely  perceptible  ;  that  the  lines 
of  sinking  altered  their  direction  very  frequently ;  that  a 
limited  area  would  sink  rapidly  for  a  short  time,  then  would 
cease,  whilst  another  limited  area  previously  stationary  would 
commence  to  sink ;  that  the  form  the  sinking  took  was 
generally  that  of  a  trough,  but  sometimes  of  a  funnel.  This 
answer  would  at  once  tell  the  geologist  that  the  subsidence 
could  not  belong  to  the  class  caused  by  nature  working 
slowly  during  long  periods  of  time.  The  next  question  the 
geologist  would  ask — and  his  questions  would  be  based  on 
his  knowledge  of  subsidences  occurring  in  various  parts  of 
the  world — would  be :  Has  any  violent  volcanic  or  earthquake 
action  occurred  removing  earths  and  causing  the  subsidence  P 
or  has  sudden  elevation  of  the  neighbouring  land  taken  place 
causing  a  corresponding  depression  ?  The  answer  would  be 
that  nothing  of  the  kind  had  occurred,  or  was  occurring. 
The  geologist  would  be  puzzled.     He  would  know  that  for 
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subsidence  to  take  place  there  must  have  been  a  removal  of 
matter  by  some  means  from  the  place  into  which  the  sub- 
siding earths  had  fallen.      He  would  know  also  that  this 
removal  of  subterranean  matter  must  have  been  going  on 
for  nearly  a  century,  not  regularly,  but  in  an  increasing 
ratio,  and  more  rapidly  than  if  caused  naturally.     The  great 
medium   for   removing  matter  on  the  earth's  surface,  or 
denuding   the   various  rocks,    he  would   know  was   water, 
acting  mechanically,  for  the  most  part ;  but  how  could  water 
act  mechanically  deep  down   amongst   the   rocks?      The 
solvent  powers  of  water  he  would  know,  and  the  existence 
of  water  escaping  from  below,  and  running  into  streams  or 
rivers,  bearing  with  it  the  matter  it  had  dissolved,  he  would 
also  know.     He  might  think,  would  mineral  springs  cause 
this  rapid  denudation  ?     An  examination  of  authorities  on 
these  springs  would  tell  him  that  mineral  springs  rarely 
contain  much  dissolved  matter,  and  seldom  run  away  so 
Copiously  as  to  cause  subsidence  over  the  face  of  the  rocks 
that  they  dissolve ;  in  fact,  that  their  action  is  scarcely  per- 
ceptible in  the  course  of  ages.     He  would  learn,  however, 
that  water  passing  over  salt  rocks  carried  away   a  large 
Amount  of  salt  in  solution,  salt  rock  being  the  most  soluble 
of  all  the  large  rock  masses.     Having  gained  this  knowledge 
he  would  enquire  the  nature  of  the  rocks  in  the  subsiding 
Urea,  and  would  be  told  salt.     Now  he  has  a  clue ;  but  he 
^Wants  to  know  whether  there  are  any  salt  springs  running 
uway  to  waste  in  the  brooks  and  rivers  so  copiously  as  to 
cause  the  subsidence.     In  asking  this  question,  he  would  do 
ao   with  great  diffidence,  for  he  had  already  learned  that 
mineral  springs,  whatever  their  contents,  never  run  away  so 
copiously,  carrying  large  quantities  of  dissolved  matter  with 
them  as  to  cause  appreciable  subsidence  in  a  lifetime.     He 
would  also  think  that  if  these  springs  existed  at  all,  they 
most  have  existed  for  ages,  and  have  been  working  conti- 
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nuously  carrying  away  salt ;  and  if  so,  the  subsidence  must 
have  been  going  on  continuously  for  ages ;  but  the  main 
element  in  the  problem  he  is  asked  to  solve  is,  that  the  sub- 
sidences are,  geologically  speaking,  only  of  the  present 
moment — their  late  commencement  and  rapid  growth  capable 
of  being  clearly  traced.  He  would  find  that  in  the  subsid- 
ing area  no  such  springs  are  known  to  exist  at  the  present 
day,  but  that  previously  to  the  subsidences  there  had  been  a 
few  which  ran  into  the  streams,  but  that  they  were  only 
small,  and  that  no  subsidences  had  ever  been  heard  of  in 
connection  with  them  during  their  known  history  of  over 
1,500  years. 

Completely  puzzled  to  account  naturally  for  the 
phenomena,  we  will  suppose  our  geologist  to  go  to  the 
spot  to  investigate  the  subsidences  for  himself.  On 
examining  the  sinking  area  and  the  banks  of  the  streams, 
to  try  to  detect  springs,  he  finds  every  evidence  of  rapid 
and  destructive  subsidence,  but  no  escaping  natural  springs. 
He  finds,  however,  that,  scattered  over  the  sinking  area, 
there  are  a  large  number  of  wells,  out  of  which  is  being 
pumped  enormous  quantities  of  water  containing  salt.  He 
finds  this  water  taken  to  manufactories  and  there  deprived 
of  its  salt,  which  salt,  to  the  extent  of  thousands  of  tons 
ever)'  week,  is  sent  out  of  the  district.  He  cries  *' Eureka ^ 
He  at  once  decides  that  the  numerous  artificial  springs, 
containing  more  salt  rock  in  solution  than  any  natural 
spring  ever  contains,  must  be  the  cause  of  the  rapid 
denudation  of  the  salt  rock,  and  the  consequent  subsiding 
of  the  upper  earths.  He  would  then  ask  how  long  these 
artificial  springs  had  been  working,  and  whether  they  had 
increased  during  the  present  century.  The  facts,  as 
exemplified  in  the  table  of  shipments  of  salt  down  the 
Weaver,  would  furnish  him  with  all  the  information  he 
wanted,  and,  comparing  the  table  with  the  results,  he  would 
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see  that  there  must  be  a  connection,  or  else  a  marvellous 
coincidence.  We  will  now  examine  the  matter,  and  see 
how  the  connection  thus  traced  is  really  brought  about. 

To  thoroughly  understand  the  matter,  it  is  necessary  to 

bear  in  mind  what  I  mentioned  in  my  paper  on  rock  salt,* 

read  before  you  last  year,  viz.,  that  the  beds  of  rock  salt  in 

Cheshire  occupy  the  lowest  parts  of  an  old  salt  lake,  lying, 

as  it  were,  at  the  bottom  of  a  basin.     If  these  beds  were 

denuded  of  all  the  overlying  clays  and  earths,  and  water 

allowed  to  run  into  the  space  thus  denuded,  the  basin  would 

become  full  of  water,  and  would  soon  run  over  at  the  lowest 

point.      The  moment  the  water  reached  the   salt   bed,  it 

Would  commence  to  dissolve  it,  or  feed  upon  it,  until  the 

Water   in   immediate  proximity   to    the   rock   salt  became 

saturated,  or  could  take  up  no  more  salt.     This  would  be 

the  case  when  100  parts  of  water  took  up  about  36  parts  of 

salt,   making  in  the  mixture  of  136  parts  of  salty  water  or 

brine  about  26^  per  cent,  of  salt.     Roughly  speaking,    the 

mixture  would   be  three  parts  water  one  part  salt.     The 

epeciiic  gravity  of  the  brine  would  be  1*2,  and  being  heavier 

than  water,  the  brine  would  remain  at  the  bottom,  on  the 

aalt,  and  only  slowly  difiuse  through  the  overlying  water, 

except  forced  to  mix  by  being  agitated  and  caused  to  move 

over  the  salt.     In  the  case   we   are   supposing,  the  water 

filling    up  the  basin  would  agitate  and  disturb  the  brine 

lying  on  the  salt  less  and  less,  as  the  basin  filled  up  and  the 

'Water  became  deeper,  so  that,  the  deeper  the  basin,  the  less 

aalty  the  water  that  finally  ran  over  the  lowest  portion  of 

the  rim  would  be.     This  escaping  water  would  be  a  natural 

aalt  spring,  and  it  is  clear  that  unless  the  salt  lay  very  near 

to  the  rim,  that  is,  unless  the  basin  were  very  shallow,  the 

spring  would  only  be  slightly  salty,  and  not  fully  saturated. 

•  **  On  Rock  Salt,"  by  Thos.  Ward,  read  before  the  Manchester  Geological 
Society,  January  26th,  1886. 
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Let  us  now  suppose  the  basin  to  become  filled  with  earths  like 
those  overlying;  the  salt  in  Cheshire,  the  problem  in  principle 
is  still  the  same,  but  complicated  in  details.     Instead  of  one 
spring  running  away,   there  would  be  a  number  reaching 
the  surface  at  the  lowest  portions  or  weakest  portions  of  the 
overlying  earths,  almost  invariably  along  the  sides  of  brooks 
and  rivers.      The  rainfall,  minus  evaporation,  and  minus 
also  the  quantity  draining  off  the  surface,  and  flowing  in 
streams,  would  give  the  quantity  escaping  in  springs.     In 
Cheshire,  owing  to  the  conformation  of  the  surface,  and  to 
the  salt  being  in  many  places  covered  with  impermeable 
marls,  no  great  quantity  of  water  could  at  any  time  escape 
in  springs,  and  owing  to  the  depth  at  which  the  salt  lies, 
none  of  the  springs  would  ever  be  fully  saturated.     History 
proves  this,  for  all  the  reports  of  salt  springs  mention  them 
as  either  barely  reaching  the  surface,   or  as  gently  oozing 
over,   and    running   into   the  neighbouring  streams.     Tbe 
known  natural  springs  also  were  but  few,  as  is  indicated 
by  the   salt  towns  or  "  wiches "  founded  to  utilise  these 
springs.     I  have  proved  these  points  in  other  papers,  so  will 
pass  on.      Having  shown  that  naturally  salt   springs   are 
neither  copious  nor  fully  saturated,  it  is  necessary  to  ascer- 
tain what  effect  they  would  have  upon  the  surface  of  the 
rock  salt.     Reverting  to  our  first  illustration,  which  is  a 
true  one  for  Cheshire,  we  sec  that  the  first  water  reaching 
the   salt  would  become  saturated,  and  being  heavier  than 
fresh  water,  would  lie  at  the  bottom,  and  its  salt  would  only 
become   slightly  diffused,  unless  considerable  motion   took 
place.     As  the  spring  would  be  the  overflow  of   the   top 
waters,  unless  something   abnormal   happened,    no  violent 
motion  of  the  bottom  water  would  occur  so  as  to  cause  a 
current  in  one  particular  line.     The  action  of  the  water 
would  be  practically  equal  over  all  portions  of  the  salt  bed 
subjected  to  it,  and  the  salt  denuded  or  dissolved  and  flow- 
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iDg  away  would  be  the  produce  of  a  large  area,  and  the 
surface  waste  of  the  salt  bed  would  be  very  small,  so  small 
indeed  as  to  be  inappreciable  in  a  lifetime.  Doubtless,  in 
the  course  of  ages,  the  bed  of  salt  would  be  appreciably 
wasted,  and  thus  the  meres  might  be  formed.  So  far  I  have 
dealt  with  the  action  of  water  on  beds  of  salt  lying  below 
the  surface  of  the  earth,  and,  I  think,  it  will  be  seen  that  as 
long  as  nature  worked  in  her  customary  way,  subsidence  of 
land  wonld  be  inappreciable  in  historic  times.  Facts  sub- 
stantiate this  all  over  the  world,  for  wherever  salt  lies,  as  I 
have  described,  and  brine  springs  escape  into  the  streams, 
no  subsidence  ever  has  been  noticed,  and  no  record  of  such, 
as  far  as  I  have  examined,  is  to  be  found. 

Our  way  is  now  clear,  we  have  seen  that  the  subsidences 
now  occurring  cannot  possibly  be  caused  naturally.  We 
will  now  examine  what  is  being  done  by  man,  and  sec  if  the 
phenomena  exhibited  follow  naturally  from  such  action. 

The  first  brine  springs  flowing  to  waste  in  streams  were 

utilised  in  Cheshire  by  the  Britons  and  Romans,  and  their 

successors,  and  furnished,  as  far  as  can  be  learnt,  all  the  salt 

Heeded.     For  many  centuries,  the  population  being  small, 

'and  fhe  means  of  internal  communication  bad,  there  was 

'io  increase  in  the  make,  and  down  to  the  sixteenth  and 

venteenth  centuries  the  brine  was  lifted  out  of  the  wells  by 

eans  of  buckets,  and  filled  into  troughs,  which  conveyed 

^'^     to  the  very  small  leaden   pans   then  used.     When  the 

ainufacCure  increased,  hand  pumps  were  used,   and  wells 

c*re  dug  along  the  banks  of  the  rivers,  brine  being  found 

a  very  short  distance  from  the  surface.      As  the  number 

wells  increased,  the  brine  decreased,  and  windmills  were 

to  lift  it  to   the  surface,  and  the  shafts   were   sunk 

^^eper.     Steam  engines  succeeded  windmills,  and  the  brine 

*^ad  to  be  sought  for  deeper  and  deeper  down,  until,  of  late 

y^ars,  it  is  necessary  to  sink  down  to  the  salt  itself  to  get 
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brine,  and  frequently,  at  the  end  of  a  busy  season,  the  brine 
is  extremely  scarce,  and  fails  entirely  in  some  wells  or 
shafts.  From  this  rapid  resumh  of  what  has  been  done  by 
pumping  brine,  it  may  clearly  be  seen  that  first,  the  escap- 
ing springs  were  used ;  then,  that  the  reservoir  of  brine 
contained  in  the  basin,  was  pumped  down  gradually,  the 
increasing  number  of  pumps  or  artificial  springs  causing  an 
increased  motion  of  the  body  of  brine,  and  so  causing  more 
dissolution  of  salt.  Finally,  the  basin  became  nearly 
exhausted  of  the  accumulated  supply  of  ages,  and  the 
artificial  springs  had  to  depend  upon  the  water  derived  from 
the  rainfall,  which,  reaching  the  salt,  and  running  over  the 
surface,  saturated  itself  as  it  moved  along. 

As  long  as  the  brine  was  high  in  the  reservoir,  little 
action  would  take  place  upon  the  face  of  the  salt,  but  that 
as  the  pumping  increased  and  the  brine  diminished,  so 
would  the  action  upon  the  salt  increase.  We  saw  that  as 
long  as  the  water  remained  quiescent  on  the  salt,  little  waste 
or  denudation  occurred.  At  the  present  time  we  have  a 
constant  succession  of  particles  of  water,  each  taking  up  salt 
as  it  moves  along,  until  it  is  saturated.  Each  artificial 
spring  or  pump  causes  a  flow  towards  itself  of  saturated  or 
saturating  particles,  and  as  this  flow  follows  the  line  of 
least  resistance,  the  face  of  the  rock  salt  becomes  channelled 
by  the  dissolution  of  the  salt  by  the  unsaturated  particles  of 
water.  This  is  not  a  case  of  mechanical  denudation,  but 
waste  caused  by  solution.  As  soon  as  a  particle  is  saturated 
it  ceases  to  act  upon  the  salt,  and  passes  over  it  without 
causing  further  denudation.  It  will  be  seen,  then,  that  at 
the  point  where  the  water  first  comes  into  contact  with  the 
salt,  rapid  solution  occurs,  which  diminishes  as  the  particle 
approaches  the  pumping  station. 

We  are  now  able  to  state  certain  necessary  consequences 
resulting  from  the  pumping  of  brine  in  the  Cheshire  salt 
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basin.    The  accumulated  store  of  brine  having  been  pumped 
down — all  being  obtained  now  must  be  made  as  it  were 
from  hand  to  mouth.     The  fresh  water  on  its  course  to  one 
or  other  of  the  numerous  pumping  centres,  flows  over  the 
salt  bed  at  first  in  no  regular  channels,  but  after  a  time  in 
defined  courses,  making  itself  channels  exactly  as  the  rain- 
fall on  the  surface  of  the  earth  makes  first  tiny  streams, 
then  rivulets,  brooks,  and  rivers.     The  underground  streams 
of  brine  are  broken  up  by  the  great  number  of  pumping 
centres,  but  their  channels  continually  widen  and  deepen. 
Where   the  overlying  earths  are  not  too  tenacious,  they 
soon  follow  the  hollow,  or  trough  formed  on  the  surface 
of  the  salt  bed,  and  we  have  a  corresponding  hollow  or 
trough   formed   on   the  surface   of    the   ground.      Where 
this  hollow  forms   at  an   early  stage,  it    rarely   becomes 
a  very    deep    one,    for    the    sinking    earths  impede   the 
course    of    the    flowing    brine    stream,    and    cause    it   to 
spread  over  a  wider  surface.     These  subsidences  are  the 
shallow  troughs,  not  stepped  or  terraced  on  the  sides,  and 
show  best  in  streets  and  roads,  where  the  weight  of  the 
houses  and  the  constant  passage  of  traffic  f^eem  to  cause 
the  earths  to  gradually  follow  the  wasting  surface  of  tlie 
salt.     Where,  at  a  considerable  distance  from  the  shafts, 
the  water  has  not  got  into  a  definite  channel,  it  spreads 
itself  over  a  wide  area,  and  the  denudation  is  more  generally 
spread,  and  a  very  extensive  shallow  trough  or  basin  is 
formed.     Again,  where  the  pumping  stations  are  near  to 
each  other,  or  in  nearly  the  same  line,  the  various  rivulets 
and   streams  of  brine   merge  into  one  broad   and     deep 
channel,  in  which  the  denudation  proceeds  very  rapidly. 
The  depth  and  width  of  this  channel  cause  the  overlying 
earths   to   subside   rapidly,    forming    deep    troughs,    with 
stepped  or  terraced  sides,  where  the  earths  have  broken  or 
slipped  away  in  huge  masses.     The  "flashes"  at  Winsford, 
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and  some  of  the  later  sinkings  at  Dunkirk,  Northwich,  show 
this  form  of  deep  trough  with  stepped  sides.     Some  of  these 
huge  trouglis  are  from  a  quarter  to  half  a  mile  across,  and 
from  30  to  40  feet,  or  more,  deep,  and  when  they  occur  in 
the  line  of  a  brook  or  river,  lakes  of  great  depths  form. 
Where  the  earths  are  very  tenacious   (consisting  of  strong 
marls  and  a  kind  of  flagstone),  they  remain  suspended  for  a 
considerable  time   over   these  deeper   troughs,    and   when 
they  will  bear  no   longer,   a   sudden   fall   occurs   in    one 
spot,    and   tens    of    thousands   of    tons  of  the  suspended 
earths    fall    into    the   cavity  below,    forcing    the    stream 
of    brine    out    at    any    weak    place     in     the     immediate 
neighbourhood,    generally    near    brooks,    and    leaving    a 
huge  crater-shaped    hole,   which  fills  with  water.      These 
holes  show  themselves  more  particularly  in  the  line  of  brine 
flow  from  Marton  Hole  to  the  Winsford  salt  works.    Where, 
on  the  contrary,  the  earths  have  little  tenacity,  and  the 
brine  stream  is  not  so  large,  a  number  of  less  subsidences 
occur,  leaving  the  small  funnel-shaped  holes  of  15  to  20 
feet  in  diameter.     It  is  these  latter  that  occur  in  the  town 
and  immediate  neighbourhood  of  Northwich,  and  cause  so 
much  alarm,  and  which  are  exaggerated  in  the  reports  of 
the  newspapers.     A  great  number  of  these  holes  have  fallen 
in  of  late  years  in  a  comparatively  small  district,  viz.,  the 
lower  portions  of  Castle  Northwich  and  Winnington,  near 
the  river  Weaver,  and  in  Leftwich,  near  the  Weaver  and 
the  Dane.     The  sands  in  this  district  are  very  thick,  leaving 
a  comparatively  thin  layer  of  marl  over  the  rock  salt.     As 
the  surface  of  the  salt  is  eaten  away  by  the  brine  stream 
proceeding  towards   Winnington  and  Anderton,  there  is  a 
general  gradual  subsidence  of  the  shallow  trough  kind.     Of 
late  years,  however,  more  brine  has  been  pumped  in  the 
Winnington  district,  and  there  has  been  a  tendency  towards 
the  deep  and  wide  trough  formation  of  subsidence,  and  slips 
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or  steps  show  themselves  in  the  Castle  district.  As  the 
earths  have  not  sufficient  tenacity  to  remain  suspended  long 
enough  for  a  huge  cavity  to  be  formed  like  those  between 
Marton  and  Winsford,  it  is  almost  certain  that  there  will  be 
a  continuous  series  of  subsidences  of  a  small  kind  within  the 
area  above  mentioned,  and  gradually  extending  further  into 
Castle  and  Leftwich.  In  these  smaller  and  shallower  sub- 
ddenceSy  which  are  exceedingly  destructive  to  property, 
standing  upon  the  subsiding  surface,  but  not  so  dangerous 
as  the  larger  and  deeper  ones  would  be,  we  may  see  frequent 
changes  in  direction.  A  rapid  sinking  of  the  earths  dams 
the  channel  and  stops  the  brine  at  one  spot,  but  it  soon 
finds  another  channel  at  a  short  distance  off;  and  the 
property  standing  over  this  new  channel,  which  had  pre- 
viously been  unaffected,  now  commences  to  sink,  whilst  the 
old  sinking  property  has  a  temporary  respite. 

So  far  no  mention  has  been  made  of  sinkings  which  arise 

from  a  combination   of  the  two  causes  which  have  been 

mentioned,  viz.,  subsidences  connected  with  the  mining  of 

rock  salt  and  those  connected  with  the  pumping  of  brine. 

In  the  immediate  neighbourhood  of  Northwich,  as  has  been 

pointed  out,  great  numbers  of  old  mines  have  fallen  in,  and 

the  district  has  many  old  shafts.     Of  recent  years  the  mines 

in  the  second  bed  of  salt,  when  worked  out  or  **  got "  up  to 

the  boundary,  have  been  allowed  to  fill  with  brine  or  water, 

^iich  soon  becomes  brine.     Out  of  these  old  abandoned 

"lines — now   huge   brine   reservoirs — a   great  deal   of  the 

l^rine  used   in   the  Northwich   district  is  pumped.     This 

pumping  causes  a  flow  of  brine  on  the  surface  of  the  first 

*^^  of  rock  salt  towards  the  shafts  of  the  various  mines,  and 

^  these  are  in  the  district  where  the  old  top  rock  salt  mines 

^ere  worked,  deep  channels  running  towards  the  old  shafts 

*^  formed,  and  as  the  fresh  water  eats  away  the  salt  near 

^*ie  shafts,    very   rapid    and    destructive    sinking    occurs. 
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forming  deep  broken  troughs  in  the  line  leading  to  the 
shafts.  Not  only  do  the  sides  of  these  troughs  become 
stepped  or  terraced,  but  at  the  bottom  of  the  trough,  before 
it  becomes  filled  with  water,  the  turf  covering  the  earths  is 
forced  up  into  rolls  of  a  considerable  size,  showing  how 
pressure  can  double  up  and  contort  earths.  These  rolls  are 
a  good  instance  of  what  pressure  can  do  on  a  large  scale 
with  earths  that  will  yield,  and  may  perhaps  afford  a  hint 
as  to  how  some  of  the  contorted  strata  occurring  so 
frequently  in  various  districts  have  been  caused.  When 
the  subsidence  occurs  in  a  district  where  old  mines  exists 
it  is  of  a  more  destructive  kind  than  any  other,  for  when 
once  the  upper  surface  of  salt  is  eaten  so  deep  as  to  open 
up  a  way  into  the  old  mines,  the  overlying  earths  slip 
into  the  cavity,  and  the  whole  area  above  the  mines  becomes 
broken  up  and  full  of  huge  crevices  and  steps.  No  sooner 
does  the  water  of  the  brooks  and  streams  cover  such  a  broken 
locality — and  as  all  the  mines  were  near  streams  this  occurs 
very  quickly — than  a  body  of  water  rushes  down  until,  by 
making  a  puddle  of  the  underlying  clays  and  marls,  it  stops 
itself.  As  the  denudation  of  the  rock  salt  continues  after 
the  puddling,  a  cavity  is  again  formed,  and  the  puddle  gives 
way,  allowing  water  down  once  more.  This  alternate 
in  rushing  of  water  and  puddling  of  the  clays  goes  on  con- 
stantly, for  the  pumping  of  the  brine  removes  the  water 
after  it  has  saturated  itself,  and  the  water  being  removed, 
the  puddle  slips  and  lets  fresh  water  in.  It  will  be  at  once 
perceived  that  where  large  bodies  of  fresh  water  come  into 
contact  time  after  time  with  the  rock  salt  in  a  very  limited 
area,  the  amount  of  solution  of  salt  must  be  much  greater 
than  where  the  ordinary  rainfall  gently  percolates  through  the 
overlying  earths,  and  spreads  over  a  large  area.  This  violent 
destruction  of  salt,  and  consequent  break  up  and  subsidence 
of  overlying  earths,  is  seen  to  perfection  at  Marton    and 
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Dunkirk^  in  the  neighbourhood  of  Northwich,  where  within 
the  last  10  years  or  so  land  and  roads  have  sunk  fuUy  40 
feet,  and  green  fields  in  Marton  10  years  ago,  and  in 
Dunkirk  5  years  ago,  are  now  15,  20,  and  30  feet  under 
water.  It  is  not  my  intention  in  this  paper  to  enter  into 
the  question  as  to  the  amount  of  property  injured  or 
destroyed  by  the  brine-pumping  subsidences.  I  can  only 
point  out  that  as  the  limits  of  the  beds  of  salt  are  not  known, 
and  as  water  reaches  the  salt  beds  from  all  directions,  and 
traverses  them  to  the  pumping  centres,  it  necessarily  follows 
that  subsidence  may  and  does  occur  in  various  portions  of 
the  salt  area.  In  the  Cheshire  salt  district,  and  especially 
in  the  North wich  portion  of  it,  there  are  a  very  large  number 
of  property  owners  having  houses  and  lands  over  the  salt 
beds  who  are  in  no  way  connected  with  the  pumping  of 
brine :  and  these  owners  sufier  not  onlv  the  loss  of  their  rock 
salt  by  the  pumping  of  brine,  but  also  damage  to  their 
houses  or  other  property  on  the  surface  of  the  land  above 
the  sinking  area.  For  this  damage  and  loss  there  is  no 
remedy  in  law,  because  it  is  impossible  to  tell  which  of  the 
many  brine  pumpers  scattered  over  the  large  salt  area  is 
occasioning  any  particular  injury.  This  being  so,  it  is 
evident  that  a  great  injustice  and  wrong  is  being  done  to 
such  property  owners. 

I  look  on  these  subsidences  as  being  of  the  greatest  interest 
to  geologists  and  scientific  men  ;  they  compress  into  a  few 
Weeks  or  months  nature's  work  of  untold  generations,  and 
we  have  here  an  instance  of  the  working  of  natural  laws, 
that  is,  the  solution  of  rocks  of  salt  by  water  on  a  scale 
i:rQmensely  larger  than  can  be  found  anywhere  else.    Nature, 
xinaided   by  man,  requires   geologic  ages   to  produce  the 
S^gantic  effects  which  by  man's  interposition  are  being  pro- 
duced year  by  year  in  the  salt  districts  of  Cheshire. 
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Mr.  Stirrup  said :  The  subsidences  which  Mr.  Ward  has 
described  in  his  very  important  paper  affect,  as  he  has  told 
us,  a  large  amount  of  property  in  Cheshire.     Some  years 
ago  the  question  engaged  the  attention  of  the  courts  of  law, 
but  the  case  was  lost  because  evidence  was  given  that  the 
whole  of  the  sinking  which  was  observed  in  North wich  and 
the  vicinity  was  due  to  the  operation  of  natural  forces,  and 
had  been  going  on  for  ages.     But  I  think,  after  the  evidence 
and  the  statistics  Mr.  Ward  has  brought  before  us  to-day, 
it  can  scarcely  be  doubted  that  nature's  operations  have  been 
very  much  accelerated  by  the  interposition  of  man;    and 
that,  if  salt  works  had  not  been  established  in  that  neigh- 
bourhood, we  should  not  have  had  the  enormous  subsidences 
which  now  take  place.     It  seems  to  mc  that,  according  to 
the  amount  of  brine  which  is  pumped  out,  so  in  proportion 
does  the  sinking  of  the  land  go  on ;  and  such,  I  suppose, 
will  be  the  case  till  these  salt  beds  have  been  practically 
worked  out.     The  great  production  of  salt  for  the  alkali 
manufacture  is,  I  take  it,  one  great  cause  of  the  numerous 
subsidences  which  are  taking  place  throughout  the  district. 
With  regard  to  the  effect  of  water  upon  the  salt  beds,  Mr. 
Ward  has  shown  us  that,  in  a  natural  way,  that  effect  would 
be  but  slight ;  it  is  only  when  the  water  is  put  in  motion — 
as  it  is  by  the  continual  pumping — that  the  rock  salt  is  dis- 
solved rapidly.     In  the  Middlesborough  district  that  is  the 
plan  they  are  adopting  to  get  at  the  salt  beds.     They  do  not 
raise  the  rock  salt,  but  force  water  down  to  the  salt  beds, 
where  it  is  converted  into  brine  and  then  pumped  up.     I  am 
not  acquainted  with  the  district,  but  no  doubt  Mr.  Ward 
knows  all  about  it,  and  he  can  tell  us  whether  the  inter- 
vening beds  are  of  such  thickness  as  to  be  likely  to  resist 
any  tendency  to  subside.     I   think  the  Society  is  deeply 
indebted  to  Mr.  Ward  for  bringing  so  forcibly  before  us  the 
action  of  water  upon  the  rock  salt  beds  of  Cheshire. 
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Mr.  Newton  :  I  do  not  know  much  about  this  district, 
bat  I  know  su£5cient  to  be  able  to  corroborate  what  Mr. 
Ward  has  said  about  the  exaggerated  reports  of  the  sub- 
sidences by  the  press.  For  instance,  in  one  that  occurred  a  few 
months  ago,  I  saw  it  recorded  that  the  floor  of  a  stable  went 
in,  and  that  two  horses  disappeai'ed,  and  the  stable  boy 
saved  himself  by  sticking  hold  of  the  tail  of  a  third 
horse !  I  believe  that  was  said  to  have  occurred  in  the 
district  of  Leftwich. 

Mr.  Ward  :  No,  Witton. 

Mr.  Newtox  :  May  I  ask  Mr.  Ward  if  he  will  give  an 

explanation  of  those  Leftwich  subsidences  ?     The  reason  I 

ask  is  because  I  have  a  theory  of  my  own,  and  I  should  like 

to  hear  if  it  is  the  right  one.    In  the  Billinge  Green  district 

there  must  be  a  great  thickness  of  superincumbent  earth 

over  the  beds  of  rock  salt,  and  also  a  great  distance  from 

the  nearest  brine  pit.     I  suppose  the  shaft  at  Dunkirk  will 

be  as  near  as  any,  and  that  is  a  great  distance.     So  with 

Marton ;  there  are  no  brine  pits  in  the  neighbourhood  of 

Marton  Hall.     That  great  subsidence  which  took  place  15 

or  16  years  ago  there,  occurred  all  in  one  night.     A  large 

hole,  100  feet  deep,  was  formed,  at  a  great  distance  from 

aay  brine  pit.     I  should  like  to  hear  from   Mr.  Ward  what 

he    thinks     of     those     subsidences — whether     they    were 

"  trough  or  funnel-shaped  "  subsidences. 

The  Chairman  :  I  remember  going  into  the  district  of 
Northwich  some  years  ago  to  see  an  old  beer  house,  near  the 
river  side,  which  was  gradually  sinking.  I  went,  with  some 
friends,  once  a  year,  for  the  purpose  of  angling  in  the 
stream,  and  the  third  or  fourth  visit  we  could  angle  in  the 
pig-sty  !  By  the  side  of  a  small  stream,  between  Acton 
firidge  and  North wich,  which  had  embankments  on  either 
side  10  feet  high,  there  was  a  very  pretty  section  of  the 
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strata — three  or  four  distinct  beds — containing  nuts,  leaves, 
and  other  vegetable  remains,  quite  carbonised.  The  bed  of 
the  stream  was  running  over  one  bed,  ploughing  it  out ; 
another  was  a  foot  higher,  with  a  foot  of  marly  sediment 
between  it  and  another  six-inch  black  patch,  then  another 
foot,  and  six  inches  again,  four  feet  from  the  surface.  It 
struck  me  at  once  that  that  must  have  been  gradually  sub- 
siding for  a  long  time  back  ;  and  these  washings — ^for  such 
they  must  have  been,  because  the  beds  lay  prostrate — these 
washings  in  of  strata,  containing  vegetable  matter,  must 
have  taken  place  at  different  periods,  after  which  came  a 
rest,  and  the  brook  began  to  scoop  out  the  deposits,  leaving 
a  beautifid  section  in  the  embankment.  But  I  fancy  that 
has  all  gone  down  now,  through  recent  subsidences  of  the 
ground. 

Mr.  Stirrup  :  These  deposits  had  taken  place  before  this 
large  sinking  commenced  P 

The  Chairman  :  Yes,  that  was  my  idea. 

Mr.  Stikrup  :  I  should  like  to  ask  whether  the  water 
found  in  those  funnel-shaped  and  other  holes  is  salt  or  not  P 

Mr.  Ward,  in  replying  to  the  various  questions  addressed 
to  him,  said :  The  first  question  asked  was  about  the 
thickness  of  the  salt  beds.  The  upper  bed  is  about  25  ysurds 
thick,  but  it  varies.  It  tapers  off  on  one  side  to  12  or  13 
yards ;  there  are  other  portions,  again,  28  yards ;  but  you 
may  take  the  average  to  be  about  25  yards,  in  the  Northwich 
district,  of  the  first  bed  of  rock  salt.  The  surface  of  the  bed 
is  rather  undulating,  having  evidently  been  exposed  to  the 
action  of  water  before  it  was  covered  over.  It  is  separated 
from  the  second  rock-head  by  30  feet  of  hard  marl  and 
compressed  clay.  This  is  very  hard,  indeed ;  and  under- 
neath that  we  have  a  bed  of  rock  salt,  which  is  about  36 
yards  thick.     It  is  in  that  bottom  bed  that  mines  are  worked 
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now  for  rock  salt.     Very  few  of  the  bottom  mines  have 
fallen  in — some  have  done  so,  and  have  left  destructive  appear- 
ances on  the  surface — it  is  the  top  mines,  nearly  always, 
that  give  way.     The  bottom  ones  frequently  got  filled  with 
water.     I  was  not  speaking  of  the  thickness  of  the  beds  as 
being  unknown,  but  their  area.     We  cannot  tell,  without 
boring,  how  far  they  extend  ;  the  only  means  of  knowing  is 
to  see  where  the  ground  sinks,  because  you  may  take  it 
wherever  it  sinks  there  is  salt  underneath.     When  borings 
have  been  made  at  some  distance  outside,  salt  has  not  been 
met  with ;  therefore,  I  do  not  think  the  beds  are  of  verj' 
great  extent — ^they  do  not  extend  for  miles,  like  some  coal 
seams  that  you  meet  with.     The  salt  beds  generally  lie  in 
isolated  patches.     The  question  as  to  Middlesborough  is  a 
very  important  one  for  the  Middlesborough  people.     They 
liave,  fortunately  for  them,  a  great  thickness  of  sandstone — 
with  layers  of  marl,  however — above  the  rock  salt,  and  this 
niay  keep  them  safe  for  some  considerable  time ;  but  they 
have  their  difficulties  already.      At   first  they  put  water 
<iown,  but  now  there  is  sufficient  in  the  sandstone  to  supply 
^  that  is  necessary.     The  fresh  water  is  most  destructive 
^  the  rock  salt  at  the  bottom  of  the  bore-holes ;  it  eats  it 
^Way,  and  a  kind  of  balloon-shaped  hollow  is  formed,  causing, 
^  course  of  time,  the  earth  immediately  about  to  fall  in. 
Ajjready  four  or  five  of  these  bore-holes  have  collapsed.    The 
•^t  bed  there  is  100  feet  thick.     When  the  workings  become 
^^tensive  the  difficulties  will  be  greater  still ;  the  sandstone 
^iU  hold  out  for  a  certain  time,  and  then  go  down  suddenly. 
-A^  regards  Leftwich,  up  to  recent  years  Lef twich  did  not 
^^iik,  although  the  salt  manufacture  was  carried  on  there  ; 
^^t  since  Brunner,  Mond  &  Go.  have  been  making  alkali  so 
Extensively,  and  consuming  100,000  tons  of  salt  per  year, 
^^e  sinking  along  the  Leftwich  line  and  in  the  town  of 
*f orthwich  has  extended  day  by  day.     During  the  last  five 
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or  six  years  the  roads  in  Leftwich  have  been  falling  in  con- 
stantly, so  that,  for  a  distance  of  50  or  60  yards,  we  had  to 
put  huge  balks  of  timber  alongside  the  road,  and  then  planks, 
carrying  the  road  over  all.  So  far,  we  have  been  preserved 
from  any  serious  mishap,  but  outside  these  balks,  holes  have 
appeared,  and  they  keep  working  further  up  into  Leftwich. 
T  know  there  is  a  theory  about  sand  there.  There  is  a  great 
thickness  of  sand  at  Leftwich ;  this  bed  of  sand  is  below  the 
river,  and  the  river  bed  itself  sometimes  falls  in.  My 
theory — ^which  accords  with  all  the  known  facts — ^is  this: 
Owing  to  the  great  depth  of  sand  the  thickness  of  the  marl 
below  it  is  reduced — that  is,  between  the  sand  and  the  rock 
salt — consequently  the  marl  has  not  the  same  strength,  and 
cannot  bear  so  long  as  if  the  whole  body  was  marl  from  top 
to  bottom ;  and  when  the  water  has  eaten  away  the  rock 
salt,  instead  of  the  marl  holding  up  for  a  long  period  and  a 
big  hole  going  in,  as  at  Marton,  a  small  hole  goes  in,  and 
water  rushing  down,  the  hole  gets  choked.  Then  sinking 
goes  on  again  till  another  portion  gets  eaten  away,  and 
another  hole  goes  down.  Within  a  period  of  three  or  four 
years  20  or  30  such  holes  have  been  formed  in  the  neigh- 
bourhood of  the  bridge  at  Northwich,  and  near  the  River 
Dane  at  Leftwich.  Only  last  Wednesday  a  serious  one  went 
in,  at  a  place  where  before  there  had  been  repeated  subsi- 
dences. The  sinking  at  Leftwich,  then,  is  due  to  the  bed  of 
marl  being  thinner,  and  consequently  less  able  to  hold  out 
for  any  considerable  time.  Billinge  Green,  where,  as  before 
stated,  there  has  been  a  considerable  sinking,  lies  between 
the  three  great  pumping  centres  of  Middlewich,  Winsford, 
and  Northwich  ;  and  it  is  diflScult  to  say  to  which  of  those 
pumping  centres  the  mischief  is  to  be  attributed.  I  think 
it  is  possible  that  all  three  are  doing  it.  The  lines  of  subsi- 
dence, as  indicated  by  holes,  seem  to  bear  out  this  impres- 
sion.    In  the  neighbourhood  of  Marton  we  find  a  series  of 
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holes  differing  from  those  in  the  Northwich  district.  The 
marl  there  is  thicker,  and  the  rock  salt  lies  deeper ;  conse- 
quently a  longer  time  must  intervene  between  the  scooping 
out  of  these  huge  holes  in  the  rock  salt  and  the  falling  in  of 
the  earth.  When  the  fall  takes  place  ^^r%  is  a  great 
cavity.  In  one,  six  years  ago,  no  less  than  70,000  tons  of 
earth  must  have  gone  below  in  one  single  drop,  leaving  a 
huge  funnel-shaped  hole.  This  great  body  of  earth  falling 
in  drove  out  what  brine  there  was,  and  forced  it  up  to  the 
surface,  so  that  two  or  three  pit  holes  were  formed  on  the 
surface  of  the  ground — on  the  weak  portions  of  the  land — 
and  out  of  these  brine  ran  for  several  days.  Between 
Marton  and  the  Winsford  works  you  can  trace  the  whole 
line  of  sinking,  and  also  see  the  land  breaking  up  in  the 
usual  fashion.  The  hole  at  Marton  now  covers  nearly  four 
acres,  and  it  goes  almost  straight  down.  The  water  in  these 
large  holes  is  fresh,  or  spring  water — just  the  ordinary 
fresh  water  that  would  drain  ofi'  the  surface  into  a  large 
hollow  of  that  kind.  In  none  is  the  water  salt,  unless  they 
are  holes  into  which  salt  has  drained  from  the  brine  pipes. 
The  district  is  a  very  interesting  one,  more  especially  to  a 
person  who,  like  myself,  has  occasion  to  traverse  it  day  by 
day,  and  can  note  the  changes  of  level  as  thev  occur. 

Mr.  Ward  showed  upon  one  of  the  maps  the  extent  of 
the  lake  which  has  been  formed  by  repeated  subsidences  at 
Witton.  This  lake,  he  said,  was  constantly  extending  in 
area.  Land  which  three  years  ago  yielded  crops  of  hay  was 
Uow  from  15  to  30  feet  under  water. 

Mr.  Sttrritp  :  May  I  ask  if  any  attempt  has  been  made 
to  trace  the  course  of  these  underground  streams  by  staining 
the  water  with  aniline,  or  other  means  P 

Mr.  Ward  :  Such  a  test  has  often  been  spoken  of.     On 
one  occasion  I  believe  sawdust  was  put  down  in  one  shaft  in 
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the  neighbourhood,  and  was  pumped  up  at  a  shaft 
away.  You  will  see  the  difficulty  that  arises,  frc 
ordinary  method  of  tracing,  is  this :  That  the  water 
it  first  reaches  the  rock  salt,  eats  it  away  rapidly,  bu 
gets  nearer  the  pumping  shaft,  the  rock  salt  is 
affected,  from  the  fact  of  the  water  being  already  sati 
It  will  be  seen  that  some  of  the  soundest  parts  of  th 
are  those  nearest  the  shafts.  A  man  may  actually 
shaft  on  his  own  property  and  sufier  no  injury,  but 
same  time  be  injuring  his  neighbours  over  a  consic 
area. 
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Vol.   XIII. ;    Contents  and   Index;    Part  6,   Vol.   XV.—From  the 

Insiitufe. 
*^Tiburgh  Geological  Sooioty  :    Transactions,  Part  2,  Vol.  V. — F^om  the 

Society. 
^«««ix  Field  aub:  Transactions,  Part  2,  Vol.  IV.— From  the  Club. 

sx  Naturalist,  Nos.  1  and  2.— From  the  Fswx  Field  Club. 
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Hertfordshire  Natural  History  Society  and   Field  Club :   TranaactioD 
Part  4,  Vol.  W.—From  the  Society. 

Leeds  Oeolog^cal  Association:   Transactions,  Part  2,   1885-6. — From  t 
Auoeiation. 

Liverpool — Geological  Association:    Transactions,   Vol.  YI.,    1885-6.- 
From  the  Association. 

Free  Public  Library,  Museum,  and  Art  Gallery:   34th  Annu 

Report. 
London — Royal  Society :  Proceedings,  No.  260,   Vol.  XLI. ;    Nos.  26 
262,  Vol.  XLll.— From  the  Society. 

Iron    and  Steel  Institute :    Journal,    No.    2,    1886. — From  i 

Institute. 

Manchester  Association  of  Engineers:  3l8t  Annual  Report  of  Counc 
1886 ;   President's  Address — Chief  Mechanical  Inventors  of  Lana 
shire  (Pamphlet). — From  the  Association. 
Midland  Institute  of  Mining  Engineers:  Transactions,  Part  85,  VoL  X.- 

From  the  Institute. 
Mining  Institute  of  Scotland  :  Transactions,  Part  8,  Vol.  VIII. — From  t 

Institute. 
North  of    England   Institute    of    Mining  and  Mechanical    Eng^eer 

Transactions,  Part  1,  Vol.  XXXVI. — From  the  Institute. 
South  Wales  Institute  of  Engineers :    Proceedings,  No.  2,  Vol.  XV. 

From  the  Institute. 
Canada — Geological  and  Natural  Historj'  Survey  of  Canada :    Annv 
Report,  Vol.   I.,   1886.     Maps  to  accompany  the  same. — Fn 
Director  of  Sun^ey. 

Hamilton    Association:     Journal    and    Proceedings,    VoL    1. 

1885-6. — From  the  Association. 
U.S.A.,  Cambridge;  Harvard  College :  Museum  of  Comparative  Zoolog 
Bulletin  No.  2,  Vol.  XIII.— from  A.  Agassiz. 

Philadelphia:  Academy  of  Natural  Sciences:  Proceedings,  Part 

1886.— from  the  Academy. 

Philadelphia :     Journal    of    Franklin    Institute,    Nos.    734-7! 

Vol.  CXXIII.— from  the  Institute. 

Washington:    U.S.   Geological   Survey,   Bulletin  Nos.   30-33. 

From  the  Oovemment. 
Berlin:    Zeitschrift  der  Deutschen   Geologischen  Gosellschaft,  Heft 

Band  XXXVIII.— From  the  Society. 
Brussels:     8oci6t6    Royale    Malacologique,    Proems- Verbal,    August 
December  4,  1886. — From  the  Society. 

Dresden:  Naturwissenschaftliche  Gesellschaft,  **  Isis  "  in  Dresden.    Ji 
to  December,  1886. — From  the  Society. 
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Tkrifl :  BeTue  de  la  Legislation  des  Mines.    November-Deoember,  1886. — 

IStrehued. 
Pisa :  Atti  della  Sodeta  Toscana  di  Scienze  Naturali :  Memorie,  Vol.  VIII . , 

Fmc   1.      Processi-Verbali,  Vol.   V.,  November,    1886,    January, 

1887.— ^rofti  the  Society. 
Soma:    Atti  della  Reale  Accademia  dei  Lincei;    Rendiconti,  Fasc  1-4, 

VoL  m. — F^om  the  Academy. 
GL  Petersburg :   Bulletin  du  Comite  Geologique,  Nos.  9-11,  1886,  No.  1, 
Vol.  VI.,  1887.— /Vow  Department  of  Minee. 

Acad^mie  Imperiale  des  Sciences:    Memoires,  Nos.  7-11,  Tome 

XXXrV.;  Bulletin  No.  3,  Tome  XXXI.— /Vom  the  Academy. 
Sydney — ^Royal  Society  of  New  South  Wales :  Journal  and  Proceedings, 

1886,  VoL  XIX.— /"rom  the  Society. 


r)ISCU8SI0N  ON  MR.  G.  H.  KINAHAN'S  PAPER 
ON  MARSH  (NATURAL)  GAS. 


The  Chairman   said  he   should  be   glad   to   hear   any 

^^Q^marks   which   might  be   made   on   the   subject    of    Mr. 

^inahan's  paper,  which  was  read  at  a  previous  meeting. 

Vl^art  v..  Vol.  XIX.,  p.   121.)     Mr.  Kinahan  pointed  out 

*Hat  the  fire-damp  which  came  from   carboniferous  seams 

^as  not  utilised  in  this  country  so  much  as  it  is  in  America. 

^e  (the  Chairman)  did  not  know  of  any  place  at  present 

^"liere  natural  gas  was  utilised;    but  he  had  known  it  to 

^^o  utilised  in  different  parts  of  the  country  for  lighting 

^{^  pit  bottoms  and   also   for  lighting   workshops  on  the 

^^Tface. 

Mr.  Stirrup  :  Mr.  Kinahan's  idea  seems  to  me  a  laudable 

^Xie.     Taking  a  great  interest  in  American  geology,  and 

^Ting  visited  the  United  States  and  Canada,  he  has  seen  the 

which  is  there  made  of  the  natural  gas  which  issues 

QX)m  many  of  the  palaeozoic  rocks,  and  he  is  desirous  that 

^e  in  the   old  country    should    take    advantage    of    the 


182 

experience  there  gained.     He  thinks  it  quite  possible  that 

we  may  have  beneath  us,  in  our  own  colliery  districts,  gas 

pounded  up  which  might  be  utilised  in  the  same  way  as 

in  America,   if  proper   attempts  were  made   to   get  at  it, 

and,  as  he  puts  it,  might  not  this  explosive  gas  be  drawn 

off  from  coal  mines  and  so  prevented  from  being  a  source  of 

danger?    This  is  one  of  the  practical  points  which  he  wishes 

to  bring  before  our  Society,  which,  he  is  aware,  is  largely 

composed  of  gentlemen  interested  in  the  colliery  industry. 

The   utilisation    of    natural   gas   in   America   is   of   quite 

recent  date.     In  Pennsylvania  it  has  already,  within  the 

last  two  or  three  years,  revolutionised  some  of  the  industries 

to  which  it  is  applied.     There  is  a  steel  works  at  Pittsburg, 

one  of  the  largest,  I   believe,  in   the   world,   now   using 

natural  gas,  which  is  brought  in   pipes  from  an  area  some 

miles  outside  the  city;  and  not  only  there,  but  in  many 

other  towns  throughout  the  States  the  gas  is  being  conveyed 

not  only  into  mills  and  workshops,  but  into  private  houses 

for  domestic   purposes,  the  consumers  being  charged  at  a 

very   low   rate.      The   illuminating   power   of   the   gas,    I 

believe,  is  inferior  to  that  of  coal  gas,  but  it  has  a  greater 

heating  power,  and  it  is  found  extremely  profitable,   and 

superior  to  coal  gas,  for  use  in  certain  industries,  such  as 

the  glass,  iron,  and  steel  manufactures.     There  has  recently^ 

come  into  my  hands  the  Preliminary  Report  on  Petroleuna^ 

and  Inflammable  Gas,  by  Prof.  Ed.  Orton,  of  the  Geologies 

Survey  of  Ohio.     This  is  published  at  the  expense  of  th< 

State  legislature,  and  is  a  portion  of  a  proposed  volume  oi 

the  Economic  Geology  of  the  State.     Professor  Orton  deals  J 

with  the  probable  area  of  distribution  of  these  substances  an<E> 

shows  where  borings  might  be  made  with  probable  successes 

It  is,  in  fact,  a  guide  for  those  interested  in  such  matters 

Opinions  of  course  vary  as  to  the  area  of  distribution  an< 

the  probable  duration  of  these  natural  reservoirs.     Profess( 
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Liesley,  the  State  geologist  of  Pennsylvania — a  State  which 
has  benefitted  so  largely  by  the  utilisation  of  natural  gas- 
speaks  strongly  of  the  temporary  character  of  the  supply. 
The  store,  he  says,  is  not  inexhaustible ;  and  although  it 
may  last,  at  the  present  rate  of  consumption,  for  probably 
10  or  20  years,  young  men  who  are  now  living,  he  says, 
may  see  it  come  to  an  end.  Of  course  it  will  be  under- 
stood that  petroleum  and  this  natural  gas  are  really  one  and 
the  same ;  the  gas  is  the  lighter  portion  of  the  petroleum, 
which  filters  into  the  porous  sandstone  rock  which  serves 
as  a  reservoir ;  and  it  appears  the  coarser  the  sandstone  the 
more  it  holds  of  this  gas.  It  was  in  the  sandstone  rock, 
Berea  grits,  belonging  to  the  Carboniferous  series  or  Sub- 
carboniferous  Measures  of  America,  where  it  was  first  found 
in  such  great  abundance  in  Pennsylvania,  and  in  Canada,  I 
think,  also ;  but  it  came  somewhat  as  a  surprise  to  the 
geologists  in  parts  of  the  State  of  Ohio  to  find  the  gas 
emanating  from  a  source  much  deeper — from  another  geo- 
logical l^orizon  altogether — as  old,  in  fact,  as  the  Lower 
Silurian,  where  the  rock  (the  Trenton  limestone)  was  very 
different  both  in  origin  and  composition  to  the  Berea 
grits. 

There  is  another  point  of  interest  to  which  Professor 
Lesley  draws  attention — one  which  has  embarrassed  the 
attempts  to  profitably  use  the  small  issues  of  natural  gas 
from  our  own  coal  seams.  I  refer  to  its  inconstant 
character. 

Professor  Lesley  says :  **  It  has  been  an  embarrassment 
to  some  consumers  that  there  was  not  sufficient  steadiness  in 
tbe  heat  produced.  One  day  the  required  heat  was  obtained 
at  a  certain  pressure ;  the  next  day  the  same  degree  of  heat 
<JOiild  not  be  got  from  the  same  amount  of  gas.  Chemical 
analyses  have  furnished  the  explanation,  but  only  by 
^uing  up  to  view  a  most  extraordinary  and  unforeseen 
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fact,  viz.,  that  the  gas  blown  off  from  a  well  varies  in  its 
essential  quality  from  day  to  day. 

"  Analyses  of  two  samples  of  gas  from  the  same  well  have 
exhibited  the  startling  fact  that  at  one  time  the  gas  is 
composed  of  only  35  or  40  per  cent,  of  the  marsh  gas 
element,  and  at  another  time  of  70  or  80  per  cent.,  or  eveai 
more." 

I  do  not  suppose  it  probable  that  we  shall  ever  be  able  to 
tap  such  large  resources  as  they  have  in  the  United  States. 
They  have  a  much  larger  area  to  draw  from,  and  their  rocks 
seem  to  lie  more  evenly — they  are  not  so  much  broken  up 
as  ours ;  and  the  more  broken  up  they  are  the  more  chance 
there  has  been  of  the  gas  escaping  through  fissures  or 
faults. 

The  Chairman  :  I  shall  be  glad  if  any  member  can  give 
us  any  instance  of  this  natural  gas  being  utilised.  Accord- 
ing to  my  observation,  the  issues  of  gas  in  this  country  are 
not  generally  suflBciently  large  to  make  them  worth,  anyone's 
while  to  utilise  them.  A  large  issue  took  place  at  Wallsend 
and  blazed  away  for  years,  which  was  proposed  to  be 
taken  to  the  Newcastle  Gasworks,  but  it  pined  off  before 
the  idea  was  carried  out.  Many  of  the  issues  we  have  here 
do  not  exceed  20  cubic  feet  per  minute ;  so  that  it  is  not 
worth  the  expense.  I  think  the  measures  that  were  taken 
at  the  Oaks  Colliery,  when  an  immense  extent  of  workings 
was  shut  up,  yielded  only  some  300  or  500  cubic  feet  per 
minute. 

Mr.  Stirrup  :  Of  course  the  issues  in  America  are  of 
vastly  greater  extent. 

The  Chairman  :  We  have  sufficient  to  trouble  us  in  the 
workings,  but  not  sufficient  to  make  it  worth  while  to 
attempt  to  work  them,  except  to  a  small  extent. 
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Mr.  O.  Peace  said  he  had  been  informed  by  a  gentleman 
who  had  been  in  Pennsylvania  that  the  gas  used  at  Pittsburg 
Mras  given  off  at  the  rate  of  2001bs.  to  the  square  inch.  That 
was  very  much  in  advance  of  anything  in  this  country. 

Mr.  Clifford  said  that  when  he  was  last  at  Pittsburg, 

some  three  and  a-half  years  ago,  no  gas  wells  had  been 

sunk  in  the  immediate  neighbourhood  of  the  city.     Several 

were  being  sunk  but  none  had  then  struck  gas.      Some 

of  the  wells,  which  have  since  proved  good  yielders,  were 

sank  through  the  coal  seams  of  the  district,  while  others, 

being  on  low  ground  near  the  banks  of  the  rivers,  were 

l)elow  the  outcrop  of  the  Pittsburg  seam,  in  strata  which 

until  recently  have  been  regarded  as  below  the  coal  measures. . 

The  gas  used  in  the  ironworks  of  Messrs.  Ghalfont,  Spang, 

^%  Co.,  was  for  many  years  brought  from  distant  wells  in 

]>ipe8.      Up  to   1876  he  believed  eight  wells    had  been 

<^xhausted  to  keep  up  that  firm's  supply  of  gaseous  fuel. 

^Ab  a  colliery  surveyor  and  a  railway  engineer  he  saw  a 

^reat  deal  of  what  was  going  on  in  Ohio  and  Pennsylvania 

in  1872  and  1873.     Gas  wells  were  first  bored  for  oil  (with 

exception  of  those  in  Pittsburg),  and  were  known  as  dry 

w^ells.     A  great  number  of  these  wells — some  of  them  very 

^eep — were  then  to  be  seen  all  over  Western  Pennsylvania 

.and  parts  of  Ohio.     The  yield  of  gas  from  some  of  them, 

3»rticularly  on  the  eastern  fringe  of  the  oil  regions,  was 

dimply  enormous. 

The  Chairman  :  Do  you  know  how  many  cubic  feet  per 
"■ninute  the  gas  springs  give  off  P 

Mr.  Clifford  mentioned  an  instance  where,  at  the  mouth 

^t  the  well — 7  inches  bore — there  was  said  to  be  a  pressure 

^t  1000  lbs.  per  square  inch.     The  gas  from  this  well  was 

fii^^,  when  it  sent  up  a  column  of  flame  120  feet  high,  and 

*^^TOed  through  the  whole  of  one  winter.     This  well  was 
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situate  in  Butler  Co.  Pa.,  near  the  Connequenessing  river, 
about  twelve  miles  from  its  confluence  with  the  Beaver. 
The  success  of  the  Pittsburg  gas  borings  has  stimulated 
enterprise  in  other  parts  of  the  country,  and  many  of  the 
barren  or  dry  wells  sunk  sixteen  years  ago  and  more,  have 
recently  been  deepened,  and  have  become  paying  gas  wells, 
especially  those  in  the  Mahoning  Valley.  Pittsburg  people 
have  for  a  long  time  had  an  idea  of  utilising  natural  and 
waste  gas.  Many  years  ago  one  of  tlie  companies  which 
supplied  illuminating  gas  obtained  it  from  coke  ovens  at 
Mc.Keesport,  nineteen  miles  off. 


HUNTER    SPENCER'S   WATER-TIGHT 
CARTRIDGE   CASES. 


Mr.  G.  H.  HoLLiNGWoRTH,  F.G.S.,  exhibited  samples  of 
Mr.  Hunter  Spencer's  patent  solid  water-tight  cartridge  cases 
for  glycerine  dynamite  blasting.  He  explained  that  the 
peculiar  merit  of  those  cases  lay  in  their  being  woven  before 
being  vulcanised.  Hitherto  there  had  been  a  great  deal  of 
difficulty  owing  to  leakage,  and,  on  the  Continent,  so 
seriously  had  this  been  felt,  that  it  had  caused  the  water 
cartridge  to  go  out  of  use  to  a  great  extent.  He  also  noticed 
that  Mr.  Sawyer  condemned  the  use  of  water,  owing  to 
leakage,  and  recommended  a  gelatinous  substitute.  Water, 
however,  cost  nothing,  and  it  was  a  question  of  saving  in 
price. 

The  Chairman  :  In  what  respect  does  this  differ  from 
Mr.  Settle's  cartridge  and  Sir  Frederic  Abel's,  and  Dr. 
McNabb's  ? 

Mr.  HoLLiNGWORTH  I  It  is  made  perfectly  water-tight  by 
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the  special  process  of  manufacture  I  have  mentioned :  the 
water-proofing  is  done  after  it  is  woven,  the  peculiarity  of 
the  fabric  being  that  the  seams  are  woven  together,  not 
stitched. 

The  Chairman  :  The  great  secret  of  all  these  water  car- 
tridges seems  to  be  in  having  the  cartridge  perfectly  isolated, 
in  the  centre,  and  not  allowing  it  to  lie  at  the  bottom  or 
against  one  side.  In  the  latter  state  it  does  not  seem  to  be 
safe  in  presence  of  gas.  That,  as  I  understand,  is  the  only 
difference  between  Mr.  Settle's  cartridge  and  previous  ones ; 
he  isolates  it  by  fixing  it  in  the  centre  of  the  water. 

Mr.  Fletcher  asked  if  it  was  true  that  the  gases  evolved 
from  the  gelatine  dynamite  cartridge,  though  less  perceptible 
than  the  fumes  of  gunpowder,  were  really  more  injurious  to 
the  health  of  the  workmen.  He  had  been  told  by  those  who 
used  the  dynamite  cartridges  that  they  were  more  injurious 
than  gunpowder. 

Mr.  Burrows  :  I  think  there  is  no  doubt  about  it.  Those 
who  make  up  the  cartridges,  if  they  do  the  work  in  a  cabin 
below  ground  where  there  is  no  great  current  of  air,  com- 
plain that  the  mere  handling  of  them  makes  them  sick  and 
causes  headache.  Those  who  have  to  do  it  with  us,  now, 
rather  than  do  it  in  a  room,  prefer  to  sit  in  a  main  road  and 
put  up  with  the  draught  in  order  to  avoid  the  smell.  Where 
there  is  a  brisk  current,  of  course  the  smell  is  soon  gone. 

Mr.  Woodward  confirmed  the  observations  of  Mr. 
Burrows.  If  men  handled  the  dynamite  cartridges  in  a 
close  store  the  gas  given  off  made  their  heads  ache,  and 
caused  sickness. 

Mr.  Fletcher  :  I  believe  there  has  been  some  disturbance 
at  a  place  not  far  from  here.  The  men  have  been  in  the 
liabit  of  using  the  water  cartridges  without  the  water,  and 
this  having  been  discovered,  the  reason  they  gave  for  so 
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acting  was  that  frequently  they  had  not  the  water  at  hand 
when  a  miss-fire  had  taken  place ;  they  had  not  the  exact 
guage  of  the  drill  hole  ;  it  was  too  small,  and  had  ripped  the 
cartridge,  allowing  the  water  to  escape,  and  they  did  not 
like  the  expense  of  getting  others,  or  had  not  another  bag 
at  hand.  The  appointed  shot  firers  gave  it  as  their  excuse 
that  the  men  preferred  the  cartridges  without  water,  as  they 
did  more  work. 

The  Chairman:  You  use  them  at  Atherton,  Mr.  BurrowsP 

Mr.  Burrows  :  To  some  experimental  extent,  but  they  are 
a  lot  of  trouble.  The  hole  has  to  be  drilled  to  a  nicety.  I 
think  the  drills  are  2|in.  (2^in.  being  for  the  cartridge),  and 
if  the  hole  should  be  a  trifle  too  small  it  tears  the  bag,  and 
if  too  large  it  wastes  the  space.  If  you  drill  a  hole  three 
inches,  the  space  on  each  side  of  the  cartridge  takes  away 
from  the  effect  of  the  shot.  The  cartridges  are,  besides, 
expensive. 

The  Chairman  :  Have  you  had  the  diflBculty  of  the  water 
running  out  ? 

Mr.  Burrows  :  Hitherto  the  work  has  been  done  bv  the 
underlookers — men  who  are  very  careful, — but  in  the  hands 
of  an  ordinary  miner  no  doubt  that  would  soon  happen. 
They  always  tallow  the  neck,  or  water  would  run  out  while 
they  are  stemming  the  hole. 

Mr.  Hall  :  I  understand  there  is  a  rumour  that  the 
explosion  in  South  Wales  was  caused  by  one  of  these 
gelatine  dynamite  cartridges.  Has  any  one  information  of 
that? 

The  Chairman  :  The  newspaper  account  said  that  they 
were  using  the  cartridges  without  water.  In  all  the  experi- 
ments I  have  seen  made  with  Mr.  Settle's  cartridge  I  have 
never  observed  any  sparks  from  it.     I  have  seen  it  fired  in 
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ceedingly  fine  dry  coal-dust,  and  it  has  not  ignited  it ; 
but  a  shot  of  powder  in  the  same  makes  a  great  flame. 

Mr.  Hall  :  Yes,  no  doubt  there  is  a  great  difierence  in 
the  flame ;  but  if  there  is  difficulty  in  keeping  the  water  in 
we  ought  to  seek  for  a  remedy  of  that  as  soon  as  possible. 

The  Chairman  :  There  have  been  so  many  explosions 
from  gunpowder  in  the  mines  that  it  is  quite  clear  something 
will  have  to  be  be  done,  either  by  the  use  of  high  explosives, 
or  by  dispensing  with  powder,  to  keep  matters  safer  for  the 
future.  It  seems  that  explosives  cannot  be  wholly  dispensed 
^th,  and  the  coming  thing  seems  to  be  these  high  explo- 
fiives — such,  for  example,  as  that  described  to  the  North  of 
England  Engineers  a  month  ago  under  the  name  Securite, 
^  mixture  so  combined  that  the  explosive  substance  is  in  a 
more  condensed  form  than  when  surrounded  by  water. 
But  I  have  not  heard  whether  that  invention  has  got  any 
further  than  on  paper. 

Mr.  CocKSON  :  I  should  like  to  ask  if  any  gentleman  using 
the  water  cartridge  has  had  my  experience,  which  is  that 
neither  Mr.  Settle's  nor  any  other  form  is  effective  in  some 
3nines.    I  am  sure  that  my  wish  to  give  these  high  explosives  a 
:^air  trial  has  also  actuated  others ;  I  have  done  my  best  to  see 
if  they  would  work  as  effectually  as  indicated  ;  and  I  must  say 
3  feel  much  discouraged  at  the  result.     I  have  given  two  days 
*o  it  myself.     I  find  that  the  work  cannot  be  done  with  the 
"^ater  cartridge  as  effectually  as  it  can  be  done  with  gun- 
Ponder.     The  experiments  were  carried  out  in  the  Wigan 
Six-feet,  which,  with  us,  I  should  not  call  a  fiery  mine ; 
^ther  the  explosive  was  not  proportioned  to  the  work,  or 
*or  ^me  other  reason,  it  failed  to  do  the  work ;  and  I  am 
*^xious  to  know  whether  you  have  had  the  same  experience. 

Mr.  Burrows  said :  We  find  that  bobbin  powder  is  pre- 
*en^  to  gelatine  dynamite  with  the  water  shield ;   but  the 
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latter  would  be  improved  by  proportioning  the  dynamite 
to  the  work  it  has  to  do.  I  think  we  can  do  as  much  with 
the  dynamite  as  with  powder ;  still  I  think  there  is  a  loss  of 
power,  as  I  said,  owing  to  the  cartridge  not  fitang  exactly 
to  the  hole.  I  think  also  that  water,  around  the  dynamite, 
deadens  the  force  of  the  blow  considerably. 

The  Chairman  :  If  the  dynamite  is  not  so  economical  as 
gunpowder,  it  should  be  borne  in  mind  that  only  one  or  two 
of  the  Six-feet  mines  in  the  Wigan  district  have  escaped 
serious  explosion  with  powder  in  use. 

Mr.  CocKsoN :  We  cannot  get  power  enough  out  of  tho 
cartridge  to  do  the  work.  The  gentlemen  who  came  to 
experiment  commenced  by  saying  that  the  explosive  was  so 
much  stronger  than  powder ;  and,  in  order  to  be  on  the  safe 
side,  they  did  not  give  it  that  proportion  of  extra  work  to 
do — they  gave  it  a  much  smaller  proportion — but  still  it  was 
not  effective;  it  did  not  stir  the  coal  sufficiently;  and  at 
the  end  of  our  experiments  we  were  using  twice  the  quantity 
of  explosive  they  estimated  would  be  necessary.  Then, 
after  the  shots  had  been  fired,  we  had  to  waste  several  hours 
getting  the  coal :  fifty  per  cent,  of  the  work  had  to  be  done 
by  hand.  It  was  not  so  much  a  question  of  extra  cost  as 
that  we  could  not  get  the  explosive  to  do  the  work.  The 
nature  of  the  explosive  did  not  seem  fitted  to  the  character 
of  the  mine,  however  strong  the  charge  used. 

Mr.  Herbert  Fletcher  said  that,  in  the  county  of 
Durham,  Messrs.  Atkinson's  investigations  showed  that  the 
recent  explosions  were  all  traceable  to  shot  firing  in  the 
main  haulage  roads.  Their  conclusion  was  that  gas  had 
little  or  nothing  to  do  with  these  explosions,  the  force 
having  been  almost  invariably  towards  the  working  places. 

The  Chairman  :  I  have  investigated  some  hundreds  of 
explosions,  but  I  have  never  investigated  one  yet  where  it 
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was  entirely  attributable  to  dust.  I  think  there  is  a  good 
deel  of  dust  thrown  in  people's  eyes  in  regard  to  this  matter. 
Explosions  have  always  been  from  fire-damp,  aggravated, 
no  doubt,  by  coal  dust  in  many  cases. 

Mr.  Burrows  said  he  was  satisfied  that,  where  the  water 
cartridge  was  properly  put  in,  that  there  was  no  fear  of 
either  gas  or  dust  being  lighted  by  the  shot.  How  it  would 
be  if  left  to  the  ordinary  shot-firer,  who  had  to  do  so  many 
in  a  night,  he  could  not  say ;  but  under  proper  supervision 
lie  thought  there  was  no  fear  whatever  of  sparks. 

The  Chairman  observed  that  there  was  suflBcient  in  the 
subject  to  enable  them  to  return  to  the  discussion  at  a  future 
time. 


THE  ARGUS  SAFETY  LAMP. 


Mr.  William  Duxbury,  C.E.,  exhibited  the  "Argus'* 
safety  lamp,  the  subject  of  recent  experiments  at  Sheffield, 
■and  explained  its  merits.     He  read  the  following  communi- 
cation thereon  from  Mr.  Beresford  Bennett : — 

In   addressing    the   members  of   this   Society   upon   an 
improved  safety  lamp,  I  need  not  go  minutely  into  all  the 
attempts  which  have  been  made  to  render  safe  the  work  of 
the  coal  miner,  and  yet  to  supply  him  with  a  sufficient 
amount  of  light.     To  Davy  practically  belongs  the  credit  of 
applying  a  scientific    appreciation  of  the   temperature   of 
ignition  to  the  construction  of  a  lamp  which  might  be  car- 
ried with  safety  into  an  atmosphere  of  explosive  composition, 
«nd  few  more  interesting  instances  can  be  found  of  the 
•Captation  of  scientific  principles  to  practical  purposes  than 
ttat  of  utilising  the  great  conducting  power  of  metallic 
^res,  in  the  form  of  gauze,  to  make  at  once  an  envelope 
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latter  would  be  improved  by  proportioning  the  dynamite 
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of  the  mine,  however  strong  the  charge  used. 
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Durham,  Messrs.  Atkinson's  investigations  showed  that  the 
recent  explosions  were  all  traceable  to  shot  firing  in  the 
main  haulage  roads.  Their  conclusion  was  that  gas  had 
little  or  nothing  to  do  with  these  explosions,  the  force 
having  been  almost  invariably  towards  the  working  places. 

The  Chairman  :  I  have  investigated  some  hundreds  of 
explosions,  but  I  have  never  investigated  one  yet  where  ifc 
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was  entirely  attributable  to  dust.  I  think  there  is  a  good 
deal  of  dust  thrown  in  people's  eyes  in  regard  to  this  matter. 
Explosions  have  always  been  from  fire-damp,  aggravated, 
no  doubt,  by  coal  dust  in  many  cases. 

Mr.  Burrows  said  he  was  satisfied  that,  where  the  water 
cartridge  was  properly  put  in,  that  there  was  no  fear  of 
either  gas  or  dust  being  lighted  by  the  shot.  How  it  would 
be  if  left  to  the  ordinary  shot-firer,  who  had  to  do  so  many 
in  a  night,  he  could  not  say ;  but  under  proper  supervision 
lie  thought  there  was  no  fear  whatever  of  sparks. 

The  Chairman  observed  that  there  was  sufficient  in  the 
subject  to  enable  them  to  return  to  the  discussion  at  a  future 
time. 


THE  ARGUS  SAFETY  LAMP. 


Mr.  William  Duxbury,  C.E.,  exhibited  the  "Argus'* 
safety  lamp,  the  subject  of  recent  experiments  at  Sheffield, 
and  explained  its  merits.     He  read  the  following  communi- 
cation thereon  from  Mr.  Beresford  Bennett : — 

In  addressing  the  members  of  this  Society  upon  an 
improved  safety  lamp,  I  need  not  go  minutely  into  all  the 
-attempts  which  have  been  made  to  render  safe  the  work  of 
the  coal  miner,  and  yet  to  supply  him  with  a  sufficient 
^unount  of  light.  To  Davy  practically  belongs  the  credit  of 
-applying  a  scientific  appreciation  of  the  temperature  of 
ignition  to  the  construction  of  a  lamp  which  might  be  car- 
ried with  safety  into  an  atmosphere  of  explosive  composition, 
^nd  few  more  interesting  instances  can  be  found  of  the 
adaptation  of  scientific  principles  to  practical  purposes  than 
*nat  of  utilising  the  great  conducting  power  of  metallic 
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capable  of  transmitting  light,  and  of  so  reducing  the  tern- 
perature  of  the  enclosed  ignited  gas  as  to  prevent  chemical 
combination  outside. 

But  however  we  may  applaud  the  scientific  skill  of  Davy, 
it  is  needless  to  say  that  his  lamp  has  often  failed  in  use, 
and  that  because  it  has  been  required  to  do  something  alto- 
gether beyond  that  for  which  its  inventor  intended  it. 
Davy  himself  pointed  out  that  the  lamp  is  no  longer  safe  if 
exposed  to  a  draught  of  air,  as  in  that  event  the  flame  might 
be  blown  upon  a  small  surface  of  the  gauze,  and  thus  heat 
it  above  the  point  of  safety.  Galloway's  experiments  (Proc- 
Roy.  Soc.  xxii.,  441)  proved  also  that  a  current  or  blast  of 
air  passing  at  a  rate  of  eight  feet  per  second  might  blow  the 
flame  through  the  gauze. 

Two  lamps  known  as  "  The  Geordie  "  and  **  The  Clanny  "^ 
respectively  have  for  some  time  been  held  in  considerable 
favour.  Still  it  is  not  unfair  to  say  that  they  are  not  as 
safe  as  could  be  desired.  As  a  consequence  of  the  anxiety 
felt  by  those  interested  in  the  safe  working  of  mines  to 
obtain  a  lamp  which  should  at  once  give  a  good  working 
light,  and  be  safe  against  explosion  under  any  set  of  circum- 
stances hitherto  known  to  occur  in  coal- working,  Mr.  Ellis 
Lever  in  1884  generously  offered  a  prize  of  £500  to  the 
inventor  of  a  lamp  which  should  satisfy  the  following 
conditions,  viz. :  To  be  perfectly  self-contained ;  which  could 
be  carried ;  which  would  keep  alight  for  not  less  than  12 
hours ;  which  should  be  incapable  of  causing  an  explosion 
of  gas  under  any  circumstances  in  actual  practice.  I  believe 
the  judges  appointed  to  make  the  award  examined  104  oil 
and  4  electric  lamps,  but  were  unable  to  recommend  any  of 
these  for  the  prize.  The  "Argus"  was  not  included  in  the 
104  oil  lamps,  being  a  later  invention.  They  did,  however, 
commend  highly  a  lamp  known  as  "  The  Marsaut,"  and  also 
a  lamp  invented  by  Mr.  William  Morgan,  of  Pontypridd, 
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and  wliioh  is  called  ''The  Morgan."     It  is  only  fair  to  say 
that  Mr.  Morgan's  lamp  has  many  good  features. 

I  will  now  briefly  describe  the  lamp  which  is  before  you, 
and  I  think  I  may  say  parenthetically  that  it  is  neither 
clumsy  in  size  nor  appearance. 

In  the  first  place,  as  to  the  light  obtained  by  surrounding 
the  wick  with  two  concentric  cylinders  of  good  tough  glass, 
a  really  clear  light  is  obtained,  whilst  the  cylinders  are  so 
arranged  top  and  bottom  as  to  promote  a  rapid  current  of 
air  between  them  when  the  lamp  is  alight,  and  so  keep  the 
glasses  cool.  It  is  most  important  to  notice,  as  will  be 
explained  shortly,  that  should  either  of  the  glasses  be  broken 
there  is  no  chance  of  explosion. 

It  is,  however,  to  the  arrangements  top  and  bottom  that  I 

desire  especially  to  call  your  attention,  as  on  these  depend 

the  great  safety  of  this  lamp  and  its  superiority  over  others. 

As  I  am  not  one  of  the  inventors  of  this  lamp,  I  think  I 

may  say  without  impropriety  that  very  great  ingenuity  has 

been   displayed   in  applying   scientific   principles  at  these 

points,    as    you     see     air,    to    enter     either     the     centre 

of  the  lamp  for  the  purpose  of  supporting  combustion  or  to 

pass  between  the  glass  cylinders,  must  make  its  way  tfvice 

through  copper  gauze  of  fine  mesh,  a  space  existing  between 

the  two  gauzes.     The  same  arrangement  substantially  holds 

at  the  top  of  the  lamp.     Now  those  of  you  who  have  had 

much  to  do  with  burning  explosive  mixtures  will  at  once 

appreciate  how  much  the  successful  performance  of  this  lamp 

depends  on  the  arrangement  of  this  space  between  the  two 

gauzes  and  the  enormous  resistance  which  is  thereby  oflercd 

to  any  sudden  impulse  being  conveyed  across  it.      I  must 

again  remind  you  that  this  security  against  draughts  or 

sudden  impulses  holds  as  well  for  the  space  between  the 

cylinders  as  for  the  centre  of  the  lamp. 
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Whilst  the  gauzes  are  arranged  so  advantageously  as 
regards  safety  against  explosion,  they  are  also  free  from  the 
slightest  risk  of  external  injury,  this  I  think  cannot  be  too 
strongly  commended. 

Another  feature  to  which  attention  should  be  called  is 
that  "drip  "  does  not,  nor  can  it,  interfere  with  the  working 
of  the  lamp. 

I  will  now  read  the  account  of  some  experiments  made  at 
Sheffield,  which  I  have  taken  verbatim  from  The  Sheffield 
Dally  Telegraphy  Monday,  March  14th,  1887,  and  made  at 
Neepsend  Works  of  the  Sheffield  Gas-light  Company  : — 

"If  effi)rts  to  render  safer  the  necessary  operations  for 
supplying  one  of  our  most  pressing  needs  are  worthy  of 
praise,  then  I  think  you  will  agree  with  me  that  the 
inventors  of  the  Argus  lamp  will  receive  in  days  to  come  no 
small  share,  if  not  from  those  who  use  the  comforts  of  life 
without  a  thought  of  the  dangers  amid  which  they  are 
procured,  at  least  from  those  who  carry  their  lives  in  their 
hands  in  order  to  supply  the  community  with  that  which  is 
indispensable  to  its  welfare.  The  scenes  on  a  pit  bank  after 
an  explosion  are  too  sad  to  dwell  upon,  and  any  effort  to 
render  those  scenes  impossible  seems  to  me  well  worthy  of 
the  recognition  of  a  learned  society,  even  though  the  effort 
may  be  a  souice  of  pecuniary  advantage  to  those  interested. 
"  Signed, 

"  J.  A.  Beresford  Benneit,  B.A.,  B.Sc.,  &c., 

"  Birmingham." 


Mr.  Teale  said  those  who  have  followed  up  the  question 
of  lamps  for  a  long  time — and  our  worthy  Chairman  will,  I 
think,  bear  me  out  in  this — have  been  amused  with  the  way 
in  which  old  things  have  been  re-hashed,  and  old  things  re- 
produced in  the  guise  of  new  lamps.     I  have  not  had  the 


195 

pleasure  of  seeing  this  Argus  lamp  before  to-day,  but  it 

reminded  me  at  once  of  one  invented  by  our  f ricnd»  Mr. 

Williamson^  of  Cannock.     The   principle   of  both   is  the 

sune^the  double  shield,  ventilation  below  the  flame,  and 

90  on— but  the  Argus  has  the  merit  of  being  the  most 

Artistic  lamp  I  have  ever  known  put  into  a  miner's  hands. 

Mr.  Williamson's  idea,  moreover,  was  by  no  means  new. 

If  70a  go  back  to  Morrison's  lamp  it  is  there ;  it  is  in  a 

Belgian  lamp  still  earlier,  and  back  again  to  the  French 

«nip.    So  it  goes  from  one  to  another,  and  we  have  the 

^me  thing  brought  before  us  to-day.     Now  the  question 

^'  lamps  is  in  the  test  they  will  stand,  and  frequently  as 

^e  have  discussed  the  matter  no  one  yet  has  been  able  to 

*V  what  test  a  lamp  should  be  submitted  to.     I  will  under- 

^ke  to  explode  any  lamp  that  has  a  light  in  it,  which 

^'Imits  air  for  the  support  of  combustion,  and  in  which  an 

o'^tlet  is  allowed  for  the  removal  of  the  products  of  com- 

l>'*Btion.     I  do  not  say  it  shall  be  a  fair  test — I  do  not  say 

^l^at  the  conditions  would  be  such  as  you  would  find  in  a 

• 

^'^He — ^but  the  idea  is  to  test  the  lamps  at  such  a  high  pitch 

"^t  the  thing  is  carried  to  an  absurd  extreme.     The  lamp 

•Poken  of    most  highly  in  the  Royal   Commissioners'  re- 

P^ii;  was  simply  a  Clanny  lamp  shielded,   with  the  inlet 

'Sliced  to  the  finest  point,  and  the  outlet  so  protected  that 

®^cept  in  a  high  velocity  it  was  impossible  to  burn,  but 

^    a  room  it  was  impossible  for  the  lamp  to   burn.      It 

^*^H>d  a  high  test,  when  you  had  a  velocity  of  60  or  80  feet 

P®^  second,    but  in  the   mine,   when   put  into  actual  use, 

^^    failed   utterly.      In   this   matter  of   lamp  testing  it  is 

^^oessary   that  mining   engineers   should    make   up   their 

"^^^tida  what  the  actual  test  should  be,  and  allow  a  certain 

ftOiount  of  current  beyond  that  in  order  to  provide  for  con- 

"^gencies.     They  should  get  the  best  light,  also,  from  the 

^^^  that  is  the   most  economical,  and  one  which  can  be 

13 
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carried  about  a   colliery  freely — those  conditions  fulfiUe^^^ed, 
and  you  have  something  like  a  safe  lamp. 

Mr.  Burrows  :  I  saw  in  the  newspapers  the  account  of  tE'^.i^te 
experiments  referred  to  by  Mr.  Teale,  and  I  am  now  glad  ^tito 
see  the  lamp  itself.     It  seems  to  give  a  very  nice  light.  *■ 

remembered  at  once  that  Mr.  Williameon's  lamp,  which  ^i  ^® 
brought  before  the  Coal  Owners'  Association  six  or  sev-^a^^ven 
years  ago,  was  the  same  in  principle. 

Mr.  Fletcher  said  :  The  lamp  exhibited  by  Mr.  DuxbuMi-^  ^^^y 
gives  a  superior  light,  which  we  must  all  admit  is  the  fir  .^3first 
qualification  in  a  safety  lamp.     The  new  Coal  Mines  Reg^^  ^g^* 
lation  Bill  is  to  be  read  a  second  time  in  the  House        ^^  ^' 
Commons  to-morrow,  and  I  hold  in  my  hand  a  copy  of  it,  t  :^     ^"^ 
memorandum   prefixed  to  which  bears  out  my  statemei^^'^^^^- 
The  Bill  leaves  the  question  of  what  mines  should  be  work  j^^^^^ 
exclusively  with  lamps  to  special  rules,  the  reason  beii^r:*^^^' 
that  it  is  impracticable  to  devise  any  general  descriptioc::^^^^' 
which  would  include  those  mines,  and  those  only,  where  tC  — ' 
use  of  safety  lamps  is  imperative;  and  that  to  impose  safe'  -^^^ 
lamps  unnecessarily  on  any  mine  is  to  deprive  the  miner  •        ^^ 
a  good  illuminant — his  most  effective  protection  against  h 
chief  danger,  falls  of  roof  and  sides.     I  think  that  lamp  is 
step  in  the  right  direction. 

Mr.  Teai.e  :  I,  too,  have  had  an  opportunity  of  readin 
the  Mines  Bill,  and  I  think  it  would  have  been  just  as  wel 
if  Mr.  Fletcher  had  given  us  the  whole  of  the  memorandunr^ 
he  has  in  his  hand  as  to  the  intention  of  the  Bill.      Th^ 
intention  is  certainly  not  to  dispense  with  the  best  light  yoi^ 
can  possibly  get,  but  that  lamps  should  be  used  under  certain^ 
conditions — the  responsibility  for  observing  those  conditions 
resting,  of  course,  upon  those  engaged  in  the  managements 
of  the  mine.     I  need  say  nothing  further ;  but  as  the  Bill  » 
going  to  be  read  a  second  time,  it  is  a  little  too  early  tcr 
discuss  how  it  will  affect  various  collieries. 
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Mr.  Clifford  gave  some  information  with  reference  to 
the  tests  condacted  at  Sheffield,  observing,  in  the  first  place, 
that  the  testing  apparatus  was  not  in  order,  as  they  were 
informed,  before  the  work  began.  The  mixture  used  was 
1  of  gas  and  13  of  air.  The  Davy  lamj)  was  not  tried  at  all ; 
the  Mueseler  was  an  old  Johannesberg  Mueseler,  twenty 
years  old,  with  rusty  gauze,  and  without  a  bonnet.  To  his 
great  astonishment,  the  Morgan  lamp  fired  in  the  same 
current  with  this  after  long  exposure.  The  gas  engineer 
found  that  the  current  had  been  lowei*ed  from  forty- two 

ftr 

tenths — the   pressure   under   winch    tlie    Morgan  fired — to 

fourteen  tenths  when  the  Argus  was  tested.     The  breaking 

of  the  driving  belt  prevented  a  repetition  of  the  tests.     He 

Would  undertake  to  provide  a  lamp  which  he   challenged 

llr.    Teale   to   fire — provided    the    lamp   remained   in    the 

Condition  in  which  he  received  it — under  any  test  that  he 

cliose  to  apply ;   and  that  lamp  would  be  one  which  would 

^ive  a  good  light,  and  burn  freely. 

Mr.  Hall  :  Does  the  lamp  go  out  in  testing,  or  does  it 
<sontinue  to  burn  ? 

The  Chairman  :  We  are  now  discussing  this  Argus  lamp, 
i^ot  the  Clifford  lamp. 

Mr.  Hall  :  Does  this  lamp  of  Mr.  Duxbury's,  when  placed 
i»:i.  a  gassy  mixture,  go  out  or  continue  to  bura  ? 

Mr.  Duxwury:  It   burns,    but    you  can   see   very  litth* 
**  F^pearance  of  gas  inside. 

Mr.  Hall  :  Because  I  think  it  stands  to   reason  that  a 

1  aii-mp  which  is  dependent  upon  glass  for  its  safety  must  go 

^>^at  when  put  in  an  explosive  mixture.     If  it  does  not  go 

out  it  is  only  a  question  of  time — the  glass  must  break 

e^ventually ;  then  where  are  you  ?     The  safety  of  the  Museler 

^lid  others,  dependent  upon  glass,  is  that  they  go  out. 

Mr.  Dux  BURY :  If  the  lamp  falls  over  by  any  means  it 
8^>e8out. 


198 

Mr.  Fletcher  :  If  you  make  a  lamp  that  goes  oat  tha 
moment  it  gets  an  explosive  mixture  within  it,  and  pair 
that  into  the  hands  of  a  fireman,  he  will  never  try  foa 
gas  in  parts  of  the  mine  where  gas  is  suspected,  lesr 
he  should  be  left  without  light.  Therefore,  you  may  hm 
undoing  with  one  hand  what  you  are  doing  with  the  other* 
You  cannot  go  and  try  the  state  of  a  mine  with  a  lamp  tha*;" 
goes  out  immediately. 


THE  CAMBASSEDES  LAMP. 

The  Hon.  Secretary  (Mr.  Stirhup)  exhibited  enlargec 
diagrams  of  a  new  type  of  miners'  lamp,  called  the  Cambas— 
s&l^s,  and  read  the  following  account  of  it  translated  frona 
the  Comptes-Rendus  Mensuels,  February,  1887,  de  la  Society 
de  rindustrie  Min^rale : — 

M.  Cambassed^s,  in  speaking  of  the  various  safety  lamps 
now  in  use,  including  the  Mueseler,  Marsaut,  and  tho 
English  types  of  Morgan,  Upton,  Roberts,  &c.,  says  they 
do  not  realise  the  great  want  of  the  miner — an  increased 
illuminating  power  combined  with  safety  in  an  explosivci 
atmosphere.  He  says:  Lamps  fed  from  below  must  be» 
classed  in  two  very  distinct  categories :  Lamps  of  thcp 
Westphalian  type,  with  direct  feed  in  contact  with  the  glass 
over  all  the  surface  of  the  lamp.  These  allow  of  the  lamp 
being  wholly  filled  by  rapid  currents  containing  fire-damp^ 
and  are  in  consequence  particularly  dangerous. 

It  is  quite  otherwise  with  lamps  of  the  second  category, 
for  which  the  system  Upton  and  Roberts  may  serve  as  type.* 

*  The  Morgan  lamp  resists  extinction  very  well  in  rapid  currents  ;  but  it  is 
too  complicated,  and  does  not  give  more  light  than  ordinary  lamps.  Th» 
admission  of  air  from  below  takes  place  through  a  perforated  plate,  then. 
through  two  gauzes.  The  two  gauzes  may  be  advantageously  replaced  by 
increasing  the  thickness  of  the  perforated  plate,  and  then  our  system  up> 
arrived  at. 
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nnfortunately,  says  M.  Cambass^Ss,  these  various  lamps 
«re  too  complicated,  but  by  selecting  arrangements  from 
tbem  and  following  the  advice  of  the  chief  engineer  of  the 
Peslin  Mines,  to  burn  the  fire-damp  as  soon  as  it  arrives,  he 
lias  constructed  the  lamp  which  bears  his  name. 

He  continues :  "  It  is  possible,  then,  to  apply  the  principle 
of  feeding  from  below,  so  rational  for  the  good  illuminating 
power  of  lamps,  without  in  any  way  diminishing  their 
aecarity. 

It  is  this  well-founded  conviction  which  has  guided  me  in 
my  researches,  and  has  allowed  me  to  arrive  at  the  means  of 
applying  to  miners'  lamps  the  burner  with  double  current  of 
«ir,  whose  advantage  from  the  point  of  illuminating  power, 
"there  is  no  need  at  the  present  day  to  specially  mention. 

It  is  not  possible,  in  these  notes,  to  give  an  account  of  the 
iiumerous  experiments  that  have  been  made.  I  confine 
'Xiyself  to  describing  the  type  of  lamp,  with  intense  illumina- 
"tion,  which  they  have  caused  me  to  adopt. 

This  type,  represented  in  the  Plate,  is  essentially  com- 

3X)8ed  of  an  annular  crown,  MN,  for  admission  of  air ;  a 

l>iinier  with  double  current  of  air,  VV ;  a  cone  directing 

the  gases,  00 ;  a  lateral  oil  reservoir,  E :  finally,  a  glass 

-  surmounted  by  one  or  two  gauzes,  FF,  and  of  a  shield,  GO. 

The  air  and  the  explosive  gases  penetrate  into  the  ring, 
MN,  by  the  hollow  uprights,  PP*.  They  afterwards 
traverse  the  perforated  metal  sheet  flwr,  and  by  fresh  open- 
ings carefully  arranged  in  WN\  they  arrive  in  the  chamber 
BS. 

The  explosive  mixture  contained  in  this  chamber,  RS,  is 
directed  upon  the  flame  of  the  lamp  by  two  holes,  BB, 
which  direct  it  into  the  interior  of  the  burner,  and  by  a  cone, 
OOy  which  conducts  the  air  upon  the  exterior  circumference 
•of  the  flame. 
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Unfortunately,  says  M.  Cambass^dSs,  these  various  lamps 
4ire  too  complicated,  but  by  selecting  arrangements  from 
tbem  and  following  the  advice  of  the  chief  engineer  of  the 
Peslin  Mines,  to  burn  the  fire-damp  as  soon  as  it  arrives,  he 
has  constructed  the  lamp  which  bears  his  name. 

He  continues :  "  It  is  possible,  then,  to  apply  the  principle 
of  feeding  from  below,  so  rational  for  the  good  illuminating 
power  of  lamps,  without  in  any  way  diminishing  their 
security. 

It  is  this  well-founded  conviction  which  has  guided  me  in 
my  researches,  and  has  allowed  me  to  arrive  at  the  means  of 
applying  to  miners*  lamps  the  burner  with  double  current  of 
air,  whose  advantage  from  the  point  of  illuminating  power, 
^ere  is  no  need  at  the  present  day  to  specially  mention. 

It  is  not  possible,  in  these  notes,  to  give  an  account  of  the 
numerous  experiments  that  have  been  made.  I  confine 
myself  to  describing  the  type  of  lamp,  with  intense  illumina- 
tion, which  they  have  caused  me  to  adopt. 

This  type,  represented  in  the  Plate,  is  essentially  com- 
posed of  an  annular  crown,  MN,  for  admission  of  air ;  a 
burner  with  double  current  of  air,  VV ;  a  cone  directing 
the  gases,  00 ;  a  lateral  oil  reservoir,  K :  finally,  a  glass 
surmounted  by  one  or  two  gauzes,  FF,  and  of  a  shield,  GO. 

The  air  and  the  explosive  gases  penetrate  into  the  ring, 
MN,  by  the  hollow  uprights,  PP*.  They  afterwards 
traverse  the  perforated  metal  sheet  aa,  and  by  fresh  open- 
ings carefully  arranged  in  WN\  they  arrive  in  the  chamber 
BS. 

The  explosive  mixture  contained  in  this  chamber,  RS,  is 

Erected  upon  the  flame  of  the  lamp  by  two  holes,  BB, 

which  direct  it  into  the  interior  of  the  burner,  and  by  a  cone, 

00,  which  conducts  the  air  upon  the  exterior  circumference 

<»f  the  flame. 
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A  screw  with  clutcli  directs  the  wick. 

It  is  brought  into  play  by  the  stem  (or  rod)  ee,  by  ts1:B>« 
means  of  a  pinion  and  rack. 

The  stem  HH  serves  as  snuffers. 

The  oil  is  supplied  by  the  reservoir  K. 

This  reservoir  is  formed  by  a  part  of  the  space  compri 
between  two  concentric  cylinders.     It  is  furnished  witlm. 
Mariotte  tube  II.     The  height  of  the  oil  is  thus 
constant  during  the  whole  time  of  the  combustion.     It       i« 
sufficient  to  fix  it,  once  for  all,  at  some  millimetres  from  €^]=B>e 
flame,  to  give  to  the  tube  II  a  length  so  that  its  lo^r'^^r 
extremity  be  even  with  the  desired  level. 

The  interior  concave  face  of  the  reservoir  serves 
reflector.  With  petroleum  the  lateral  reservoir  K 
needless. 

The  petroleum  is  put  into  the  reservoir  UU.     The  burxx 
represented  in   the  figure  can  be  replaced  by   a  Qevrcxi 
burner  Cosnios,  with  annular  wick  and  internal  current 
air. 

A  glass  TT,  a  shield  in  sheet  iron  GG,  one  or  more  saf^^^? 
gauzes  FF  complete  the  system. 

The  fumes,  after  having  traversed  the  gauze,  escape 
the  top  of  the  lamp.     No  other  opening  exists  in  the  shi^ 
The  air  and  the  gases  therefore  go  through  into  the  laX^"*^? 
solely  by  the  bottom.     This  arrangement  has  for  object  ^^^^ 
for  result  a  considerable  increase  of  the  lighting  power,  wi-'^ 
equal   consumption   of   oil   and   a   guarantee   of    compl^ 
security. 

The  augmentation  of  the  lighting  power  and  the  econo^^*^^^ 
of  the  oil  realised  are  considerable.  One  may  estimate  't/^^ 
saving  of  oil  at  one-half.  In  the  trials  made  with  ^  ^^ 
Rumford  photometer,  it  has  been  proved  that  for  a  quadrii-^   "* 
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illiuninating  power  the  consumption  of  oil  was  scarcely 
double  that  of  Mueseler  lamps. 

On  the  other  hand,  whilst  in  ordinary  lamps  it  is  very 
di£ELCiilt  to  vary  the  lighting  power  without  charring  the 
^wlck  and  smoking  the  gauze,  one  is  able,  with  my  arrange- 
menty  to  graduate  the  light  without  inconvenience  from 
zero  to  seven  or  eight  times  the  lighting  power  of  ordinary 
lamps.  Miners  can  thus,  when  they  wish  to  explore  the 
roof,  clean  their  coal,  &c.,  temporarily  obtain  all  the  light 
desirable. 

The  causes  of  this  great  superiority  are  due :  (1)  To  the 
doixble  current  of  air  and  to  the  gas-directing  cone  00, 
which  secure  the  regulated  arrival  of  oxygen  around  the 
flame,  and  the  immediate  carrying  ofE  of  the  products  of 
^^inbustion ;  (2)  To  the  heating  of  the  air,  which  arrives, 
Moreover,  pure  from  the  mixture  of  the  fumes  or  of  the 
8a^«8  already  burned  from  contact  with  the  flame ;  (3)  To 
**io  invariable  level  of  the  oil,  at  a  few  millimetres  from  the 

Our  lamp  is  not  only  incomparably  of  more  illuminating 
P^Mrer  than  all  other  known  miners'  lamps,  but  it  possesses, 
■^^^des,  the  precious  advantage  :  (1)  Of  allowyig  the  varia- 
*^oxi  at  will  of  the  lighting  power  within  the  widest  limits, 
^^thout  the  wick  smoking  or  charring ;  (2)  Of  keeping,  up 
^  the  last  minute,  a  constant  lighting  power,  whilst  ordinary 
*^naps  notably  diminish  their  luminous  intensity  at  the  end 
^*  their  term. 

The  security  is  as  satisfactory  as  the  lighting  power, 
'^tunerous  trials  with  illuminating  gas,  in  mixtures  dosed 
*^d  undosed,  have  proved  it.  There  is  nothing  very  aston- 
ishing about  that.  The  fire-damp  and  the  air  can  circulate 
^^Ijr  in  contact  with  the  flame  in  a  very  restricted  zone,  in 
^liich  the  fire-damp  burns  as  soon  as  it  arrives. 
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In  placing  oneself  in  the  most  defective  conditions,  with 
the  small  flame,  the  fire-damp  can  only  fill  a  cylindrical 
surface  in  the  lamp,  having  for  base  the  diameter  of  the 
summit  of  the  cone  00,  whose  diameter  is  only  two  centi- 
metres, less  than  the  half  of  the  diameter  of  the  Muesekr 
and  Marsaut  lamps.  Every  part  comprised  between  the 
cone  and  the  glass  plays  the  part  of  the  neutral  plug,  whoie 
infiuence  is  well  known  since  the  memorable  experiments  of 
Bess^ges.  The  orifices  for  the  entrance  of  the  air,  which 
constitute  the  weak  point  of  lamps  fed  from  below,  aie 
protected  by  the  gauze  aa  and  the  tubes  PP',  the  superior 
extremities  of  which  might  be  easily  protected  by  the 
addition  of  other  gauzes. 

But  have  not  the  risks  of  the  lamps  been  exaggerated  F 
The  want  of  supervision  or  the  defects  of  construction  ar^ 
<5ertainly  much  more  to  be  feared. 

The  roughness  of  the  setting,  the  want  of  the  efficieoi^ 
tightening  of  the  glass  of  the  lamp  at  the  bottom  of  tb.« 
gauze,  may  occasion  explosions.  Many  times  this  Imm 
proved  to  be  so. 

Therefore  the  Marsaut  arrangement  for  the  bottom  of  die 
gauze,  with  holes  giving  a  certain  elasticity  to  the  envdopit 
is  to  be  recommended. 

The  facilities  of  extinction  are,  moreover,  not  to  be  dia** 
yarded. 

All  lamps  are  in  fact  susceptible,  in  an  inflamoiifc 
atmosphere,  of  permitting  the  fire-damp  in  the  intfliff* 
bum. 

The  glass  then  gets  heated  and  breaks,  or  the  pi* 
reddens. 

It  is  necessary,  then,  to  be  able  to  extinguish  the  In* 
which  can  easily  be  done  with  the  shielded  lamps,  in  doi| 
the  openings  for  the  admission  or  exit  of  the  gases 
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XJnfortanately,  says  M.  Cambass^des,  these  various  lamps 
are  too  complicated,  but  by  selecting  arrangements  from 
them  and  following  the  advice  of  the  chief  engineer  of  the 
PesHn  Mines,  to  burn  the  fire-damp  as  soon  as  it  arrives,  he 
has  constructed  the  lamp  which  bears  his  name. 

He  continues :  "  It  is  possible,  then,  to  apply  the  principle 
of  feeding  from  below,  so  rational  for  the  good  illuminating 
power  of  lamps,  without  in  any  way  diminishing  their 
security. 

It  is  this  well-founded  conviction  which  has  guided  me  in 
my  researches,  and  has  allowed  me  to  arrive  at  the  means  of 
applying  to  miners'  lamps  the  burner  with  double  current  of 
air,  whose  advantage  from  the  point  of  illuminating  power, 
there  is  no  need  at  the  present  day  to  specially  mention. 

It  is  not  possible,  in  these  notes,  to  give  an  account  of  the 
numerous  experiments  that  have  been  made.  I  confine 
myself  to  describing  the  type  of  lamp,  with  intense  illumina- 
tion, which  they  have  caused  me  to  adopt. 

This  type,  represented  in  the  Plate,  is  essentially  com- 
posed of  an  annular  crown,  MN,  for  admission  of  air ;  a 
burner  with  double  current  of  air,  VV ;  a  cone  directing 
the  gases,  00 ;  a  lateral  oil  reservoir,  K :  finally,  a  glass 
surmounted  by  one  or  two  gauzes,  FF,  and  of  a  shield,  GG. 

The  air  and  the  explosive  gases  penetrate  into  the  ring, 
MN,  by  the  hollow  uprights,  PP*.  They  afterwards 
traverse  the  perforated  metal  sheet  aay  and  by  fresh  open- 
ings carefully  arranged  in  M^N^  they  arrive  in  the  chamber 
RS. 

The  explosive  mixture  contained  in  this  chamber,  RS,  is 
•directed  upon  the  flame  of  the  lamp  by  two  holes,  BB, 
which  direct  it  into  the  interior  of  the  burner,  and  by  a  cone, 
00,  which  conducts  the  air  upon  the  exterior  circumference 
•of  the  flame. 
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A  screw  with  clutch  directs  the  wick. 

It  is  brought  into  play  by  the  stem  (or  rod)  ee^  by  the 
means  of  a  pinion  and  rack. 

The  stem  HH  serves  as  snuflTers. 

The  oil  is  supplied  by  the  reservoir  K. 

This  reservoir  is  formed  by  a  part  of  the  space  comprised 
between  two  concentric  cylinders.  It  is  furnished  with  a 
Mariotte  tube  II.  The  height  of  the  oil  is  thus  rendered 
constant  during  the  whole  time  of  the  combustion.  It  is 
sufficient  to  fix  it,  once  for  all,  at  some  millimetres  from  the 
flame,  to  give  to  the  tube  II  a  length  so  that  its  lower 
extremity  be  even  with  the  desired  level. 

The  interior  concave  face  of  the  reservoir  serves  as 
reflector.  With  petroleum  the  lateral  reservoir  K  ia 
needless. 

The  petroleum  is  put  into  the  reservoir  UU.  The  burner 
represented  in  the  figure  can  be  replaced  by  a  German 
burner  Cosmos,  with  annular  wick  and  internal  current  of 
air. 

A  glass  TT,  a  shield  in  sheet  iron  GG,  one  or  more  safety 
gauzes  FF  complete  the  system. 

The  fumes,  after  having  traversed  the  gauze,  escape  at 
the  top  of  the  lamp.  No  other  opening  exists  in  the  shield. 
The  air  and  the  gases  therefore  go  through  into  the  lamp 
solely  by  the  bottom.  This  arrangeraeut  has  for  object  and 
for  result  a  considerable  increase  of  the  lighting  power,  with 
equal  consumption  of  oil  and  a  guarantee  of  complete 
security. 

The  augmentation  of  the  lighting  power  and  the  economy 
of  the  oil  realised  are  considerable.  One  mav  estimate  the 
saving  of  oil  at  one-half.  In  the  trials  made  with  the 
Rumford  photometer,  it  has  been  proved  that  for  a  quadruple 
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illTuninating  power  the  consumption  of  oil  was  scarcely 
double  that  of  Mueseler  lamps. 

On  the  other  hand,  whilst  in  ordinary  lamps  it  is  very 
di£Scult  to  vary  the  lighting  power  without  charring  the 
wick  and  smoking  the  gauze,  one  is  able,  with  my  arrange- 
ment, to  graduate  the  light  without  inconvenience  from 
zero  to  seven  or  eight  times  the  lighting  power  of  ordinary 
lamps.  Miners  can  thus,  when  they  wish  to  explore  the 
roof,  clean  their  coal,  &c.,  temporarily  obtain  all  the  light 
desirable. 

The  causes  of  this  great  superiority  are  due :  (1)  To  the 
double  current  of  air  and  to  the  gas-directing  cone  00^ 
which  secure  the  regulated  arrival  of  oxygen  around  the 
flame,  and  the  immediate  carrying  off  of  the  products  of 
combustion ;  (2)  To  the  heating  of  the  air,  which  arrives, 
moreover,  pure  from  the  mixture  of  the  fumes  or  of  tho 
gases  already  burned  from  contact  with  the  flame ;  (3)  To 
the  invariable  level  of  the  oil,  at  a  few  millimetres  from  tho 
flame. 

Our  lamp  is  not  only  incomparably  of  more  illuminating 
power  than  all  other  known  miners'  lamps,  but  it  possesses, 
besides,  the  precious  advantage  :  (1)  Of  allowyag  the  varia- 
tion at  will  of  the  lighting  power  within  the  widest  limits, 
without  the  wick  smoking  or  charring ;  (2)  Of  keeping,  up 
to  the  last  minute,  a  constant  lighting  power,  whilst  ordinary 
lamps  notably  diminish  their  luminous  intensity  at  the  end 
of  their  term. 

The  security  is  as  satisfactory  as  the  lighting  power. 
Numerous  trials  with  illuminating  gas,  in  mixtures  dosed 
and  undosed,  have  proved  it.  There  is  nothing  very  aston- 
ishing about  that.  The  fire-damp  and  the  air  can  circulate 
only  in  contact  with  the  flame  in  a  very  restricted  zone,  in 
which  the  fire-damp  burns  as  soon  as  it  arrives. 
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not  perfect !     Has  not  every  medal  its  reverse  P  all  pro 
its  inconvenience?      The  placing  of    the   wick    is    m^- 
di£Sculty  the  price  of  the  lamp  is  rather  high,  and  its 
reservoir  gives  it  an  ungraceful  form,  which  seems  at  fi 
inconvenient. 

Nevertheless,  the  lamp  fixed  above  by  the  hook,  below 
the  clasp,  follows  without  inconvenience  the  movements 
the  body. 

The  boss  leaning  against  the  breast  protects  it  against 
heating  of  the  shield. 

It  inconveniences  little,  and  is  useful  in  many  circ 
stances,  notably  as  reflector  to  project  to  any  wished 
point  an  intense  ray  of  light. 

It  is  incontestable  that  with  a  lamp  of  increased  pow 
the  skill  and  strength  of  the  miner  would  be  much  bet 
utilised ;  there  would  be  less  coal  wasted  in  the  gobb ;  t 
product  would  be  cleaner,  more  merchantable,  which  is 
to  be  despised  at  the  present  time ;    and  finally  the  a. 
important  question  of  safety  will  have  made  a  grand  stri 
since  the  miners  will  be  able  to  see  all  the  causes  of  dan 
especially  the  fissures  which  occasion  so  many  falls,  causi 
more  than  half  the  accidents  of  the  mine. 

The  English  Commission  of  Accidents  in  Mines  h 
recently  admitted  this,  and  has  strongly  recommended 
greater  illuminating  power  of  the  lamps. 

In   all  the  works  of  the  mine,  the  lamp  with  cent 
current  of  air  will  considerably  increase  the  useful  actio 
and   security;    we   think   also,   notwithstanding    the    di^ 
advantages,  altogether  secondary,  of  detail  and  of   form, 
which  we  shall  be  able  moreover  to  modify,  that  it  meri 
all  your  attention. 

The  tube  MM^  serves  as  the  oil  reservoir,  the  air  enter^^ 
directly   from   below,   or   by   the   hollow    columns    which^ 
protect  the  glass. 
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The  breaking  of  the  glass  is  the  only  current  expense 
^which  can  balance  the  great  illuminating  power  and  the 
economy  of  oil  realised  and  the  glass  solidly  fixed  costs  less 
than  Of.  15c." 

A  cofnmtssion  nominated  by  the  Society  16th  January ,  1887 ^ 
-0008  empowered  to  make  eo^^riments  mth  this  new  safety  lamp 
^^  compare  it  with  those  of  the  best  known  and  recommended 
^j/pes. 


Mr.  Thbw  exhibited  a  new  lamp  which  was  described  in 
^he  following  paper  : — 

A    GAUZELESS    SAFETY    LAMP. 
By  Mr.  Gkorge  Thew. 


In  constructing  this  lamp  I  had  five  qualifications  in 
'^ind  that  I  thought  essential. 

1 .    That  it  should  be  safe. 

S.  That  if  there  was  any  gas,  that  it  should  be  seen  at  a 
glance,  and  that  the  light  should  automatically  call  atten- 
^on  to  it. 

3.  That  the  miner  should  have  the  means  of  cutting  off 
^li.e  light  instantly  without  disturbing  the  lamp. 

4.  That  it  should  have  light  sufficient  to  work  by. 

5.  That  it  should  be  simply  constructed  so  that  the 
^Kiiner  could  understand  it,  and  that  it  should  not  be  liable 
V>  get  out  of  order. 

1.  In  respect  to  safety,  the  lamp,  is  so  constructed  as  to 

limit  the  amount  of  air  to  the  requirements  of  the  light,  and 

if  gas  is  supplied  instead  of  air,  the  light  from  the  wick  is 

diminished  or  put  out,  according  to  the  amoimt  supplied  ; 
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and  the  gas  is  limited  to  such  an  extent  as  to  rendei 
harmless;  the  feed  being  at  the  bottom,  the  flame  m 
of  necessity  pass  through  the  tube  and  out  at  the  top,  i 
in  going  this  distance  and  passing  through  the  gauze  i 
holes  in  the  top  it  is  so  cooled  that  it  is  impossible  to  p 
through  at  such  a  heat  as  to  cause  danger  of  explosion  to 
outside. 

2.  That  if  there  should  be  any  gas,  it  should  be  seen  at  oi 
The  feed  being  at  the  bottom,  the  gas,  if  any,  must  si 
opposite  the  glass,  and  must  attract  the  miner's  attenti 
because  it  will  diminish  or  put  out  the  ordinary  light ;  i 
being  subdivided  by  these  small  holes  is  almost  without  lij 
itself,  as  an  ordinary  gas  burner  with  100  or  200  holes  inst 
of  one  or  two  the  light  would  not  be  as  great. 

3.  That  the  miner  shall  have  the  means  of  cutting  off 
feed  instantly  without  disturbing  the  lamp,  I  have  paten 
a  slide  to  go  over  these  holes  which  can  be  turned  on  in 
instant  without  lifting  or  disturbing  the  lamp,  but  the  n 
forgot  to  put  it  on,  and  we  had  no  time  to  remedy  it. 

4.  That  it  should  show  sufficient  light  to  work  by.  I  < 
see  to  read  by  this  and  can  see  a  pin  six  yards  off.  I  a 
tend  you  can  give  a  good  light  without  danger  if  you  hi 
cooling  surface  enough  exposed  to  the  air,  and  the  flame 
enough  a\vay  from  the  point  where  it  comes  in  contact  w 
the  outer  air. 

5.  That  it  shall  be  simply  constructed  and  not  liable 
get  out  of  order.  This  lamp  is  constructed  like  the  < 
lamp ;  the  tube  represents  the  gauze  without  its  danger  ii 
current,  the  bottom  is  put  in  like  the  ring  that  supports  1 
glass,  but  is  a  solid  pjate,  so  far  as  it  prevents  the  fla 
passing  back  through  it. 


2o: 


LAMP    TESTING    APPARATUS. 


The  Chairman,  speaking  of  Mr.  Thew's  lamp,  said  :  The 

"Way   in    which   this   lamp   comes   before  us  is  this.     The 

inventor   wrote   to   me   asking   if   I    could   get   the    lamp 

tested  for  him.     Now    a    testing   apparatus   for   lamps   is 

^    thing   very    much    wanted    in    this    district.     I    know 

of    none.      What   we   need   is   a    testing    apparatus    open 

to   any  one  on  payment  of  a  small  fee,  so  that  every  lamp 

^J^ay   be   tested   under  circumstances    which   shall    ensure 

fi'eedom  from  any  commercial  bias.     It  seems  there  is  an 

apparatus  at  Sheffield.     There  was  one  at  Mr.  Smethurst's 

Colliery,  near  Wigan,  but  I  think  the  Royal  Commissioners 

"^ter  using  that  either  took  it  away  or  improved  upon  it  so 

'^^ch  that  it  was  removed  to  Woolwich.     In  1883,  when  I 

^^Uted  a  Marsaut  lamp  tested  there  was  not  a  place  in  the 

^^ighbourhood   to   which   it   could   be  sent.     I  applied  at 

^^oolwich,  but  there  it  was  cold-shouldered,  and  at  length  I 

^^d  to  fall  back  on  my  friend  Mr  Green,  of  Monmouthshire. 

^  tad  the  lamp  tested  there.     At  a  meeting  of  the  Board  of 

■^laminations  for  this  district  in  December  last  we  discussed 

*^^  matter,  and  we  thought  Owens  College  was  the  proper 

*^*^^e  at   which  it  should  be  taken  up.     Time  has  passed, 

^^^ever,  and  it  has  not  been  taken  up,  and  we  are  still 

^^tihout  apparatus  for  the  testing  of  miners'  lamps.     I  wish 

^^Htlemen  would  consider  what  is  the  best  means  of  getting 

^is  want  supplied. 

3Mr.  McKiNLEY  said  he  believed  the  Wigan  Coal  and  Iron 
^^^mpany  were  erecting  an  apparatus  similar  to  that  at 
^^-Idwark  Main. 

Mr.  Clifford  said  he  thought  the  gas  authorities  were 
*'*^^  proper  people  to  take  the  matter  up.     In  Sheffield  they 
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had  done  this.     They  considered  the  coal  interest  and 
gas  interest  very  much  bound  up  together,  and  on  t 
ground  it  was  their  duty  to  take  it  up. 

The  Chairman  said  he  hoped  it  would  be  taken 
Owens  College  would  be  a  very  suitable  place,  and 
tests  conducted  there  would  be  thoroughly  reliable. 


e 


After  the  close  of  the  ordinary  business,  Mr. 
Fletcher  informed  the  members  that  he  proposed  to  in^ 
them    to   \isit   the  working   arrangements   at   Ladysh. 
Colliery  at  an  early  date ;    and  he  afterwards   explai 
some  matters  of  interest  in  connection  with  that  colliery. 


/tte 


TRANSACTIONS 

OF  THE 

lANCHESTER    GEOLOGICAL    SOCIETY, 


rr  IX.  Vol.  XIX.  Session  1886-7. 


WIGAN    MEETING. 

The  Ordinary    Meeting  of    the    Members    was    held 
Friday,   the   6th   May,    1887,   in   the   Mining  School, 
«an. 

tf  r.  Robert  Winstanlet,  a  Member  of  the  Council, 

in  the  Chair. 


DUST    IN    MINES. 


%.  discussion  was  taken  on  Mr.  M.  Mercier's  paper  on 
^ust  in  Mines,"  read  at  the  Wigan  Meeting,  in  January 
-.     (See  Part  IV.,  Vol.  XIX.,  page  9^.) 

\Lt.  J.  S.  Burrows  said  he  thought  that  in  the  paper 
\  Mercier  spoke  of  several  methods  of  lessening  the  quau- 
y  of  dust,  such  as  making  tubs  in  a  better  fashion  and  so 
»  but  it  seemed  to  him  (Mr.  Burrows)  that  much  of  the 
9t  was  caused  by  the  tubs  going  at  a  rapid  pace  against  a 
ong  current  of  air,  and  particularly  when  the  wheels  of 
^  tubs  were  small.  Since  the  paper  was  read  he  had  made 
l^uiries  and  found  that  where  the  roads  were  packed  the* 
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dust  had  gone  a  long  way  in  the  pack.     Where  there  w^fe 
any  open  spaces  the  fine  sooty  dust  seemed  to  have  lodg^. 
He  swept  one  place  on  a  horse  road  and  took  notice  of   ft 
and  within  less  than  a  week  it  was  heavily  coated  with  the 
same  fine  dust.     So  that  it  seemed  it  would  be  much  easier 
to  do  without  powder  in  main  roads  than  to  lay  the  dust. 
Where  the  road  was  paved  and  the  dust  lay  thickly,  the 
water  ran  away  in  little  globules,  and  if  much  water  was 
put  on,  the  timber  became  wet,  made  it  slippery  for  the 
horses,  and  the  water  would  tend  to  lift  the  floor.     Hence 
he  thought  that  people  would  rather  find  some  substitute  for 
powder  in  getting  the  roof  down  than  taking  such  trouble 
as  would  be  necessary  to  effectually  lay  the  dust. 

Mr.  Mawsox  thought  the  idea  of  having  pipes  through 
the  workings  was  a  good  one,  but  in  view  of  the  expense 
that  would  be  involved,  it  was  hardly  practicable.  In  his 
judgment  the  best  suggestion  in  the  paper  was  that  which 
had  reference  to  the  distribution  of  water  in  the  form  of 
spray,  after  the  manner  in  which  streets  were  watered. 

Mr.  Burrows  asked  how  far  would  an  ordinary  tank — a 
big  one — lay  the  dust  on  a  road  one  thousand  yards  long? 
It  seemed  to  him  that  a  fabulous  quantity  of  water  would 
be  required. 

Mr.  Mawson  said  there  was  no  doubt  a  large  quantity  of 
water  would  be  required  to  lay  the  dust  as  it  now  existed, 
but  the  question  was,  if  that  dust  could  be  swept  away, 
and  the  road  once  cleaned,  and  water  tanks  were  constantly 
used,  would  the  roads  get  dusty  to  the  same  extent  as 
now  ?     . 

Mr.  Burrows  replied,  that  so  great  was  the  quantity  of 
dust   produced,  that  in  a  double  road  900  yards  long,  18 
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tubs  of  dust  were  gathered  every  day.  There  were  two  men 
in  every  night  getting  timber  down,  and  they  regularly  filled 
18  tubs  with  dust. 

Mr.  H.  Hall,  H.M.   Inspector  of  Mines,    remarked   as 
regarded  the  dust  blowing  off  the  tubs,  perhaps  that  could 
he  prevented  by  watering  the  tubs  as  well  as  the  road.     It 
Mmed  to  him,  that  if  water  was  sprinkled  on  the  tubs, 
there  would  be  less  chance  of  dust  blowing  off.     He  thought 
tbis  question  of  dealing  with   dust  in  mines  was  a  very 
important  question,  and  that  it  would  have  to  be  dealt  with 
in  one  shape  or  another.    He  read  the  other  day  a  description 
of  a  new  sprinkling  machine  brought  out  by  somebody  in  the 
oor^h,  he  thought,  and  if  he  remembered  rightly,  it  was  said 
tboy  could  water  800  yards  of  road  with  something  less  than 
oo.^  thousand  gallons  of  water.     The  description  went  on  to 
sti^ow  that  there  was  a  tank  on  wheels,  and  that  it  had  a  tail 
p*"ojecting   at   the   back   which   was  caused  to  revolve  by 
tr«tction,  and  there  were  holes  in  the  sprinkler,  like  those  in 
tO'^jVTi  water-carts,   but  the  tube  was  placed  longitudinally 
iixstead  of  crosswise.     So  far  as  lifting  of   the  road  was 
concerned,  managers  expected   there  would  be  difficulty  in 
tbat  direction.     No  doubt  there  was  a  good  deal  of  difficulty 
on  some  kinds  of  roads,  but  he  imagined  that  if  they  per- 
severed with  the  watering,  and  got  the  temperature  of  the 
oottom  something  like  regular,  a  good  deal  of  that  would 
^^^^^.      He   thought   it   very    important,    that    somebody 
«floul^  try  to  invent  a  ready  means  of  watering  the  roads. 
^^  had  thought  sometimes  it  might  be  possible  to  wet  the 
^^  ^^  it  were  that  goes  into  the  coUeries,  but  he  had  asked 
one    or  two  scientific  men  who   were  likely  to  know,  and 
^®y  did  not  hold  out  much  promise  of  that  being  done.     He 
thought  that  watering  the  tubs  would  prevent  dust  blowing 
oil  to  some  extent.     The  only  objection   he  saw  to  such  a 
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practice  was  that  the  tubs  would  weigh  a  little  more  when 
-arriving  at  the  surface. 

Mr.  M.  Mercier,  in  replying  to  the  various  questions  and 
remarks,  said  there  appeared  to  be  rather  a  mistaken  notion 
•as  to  what  should  constitute  the  proper  watering  of  dusty 
mines.  What  was  required  was  not  the  sprinkling  of 
water  on  the  floor,  which  would,  as  Mr.  Burrows  remarked, 
run  about  like  quicksilver  and  do  very  little  service.  The 
water  should  be  so  mixed  with  the  air  in  the  form  of  a  very 
fine  spray  to  give  it  something  of  the  nature  of  a  Scotch 
mist.  In  this  condition  the  fine  particles  of  dust  became 
saturated  with  moisture,  and  falling  to  the  ground,  or 
settling  on  the  roof,  sides,  and  timbers  transmitted  the 
surplus  moisture  to  the  other  dust  particles.  If  the  mine 
be  watered  in  this  manner  the  moisture  would  have  but 
little,  if  any,  injurious  eflTect  on  the  warrant  or  roof.  The 
diffusing  of  this  fine  spray  or  vapour  had  been  successfully 
accomplished  at  numerous  collieries,  and  more  particularly 
so  in  the  South  Wales  coalfields,  by  the  use  of  jets  of  water 
and  compressed  air,  the  latter  giving  to  the  spray  an 
exceptional  fineness.  Compressed  air  was  not,  however, 
needed  where  a  head  of  water  could  be  obtained  to  give  a 
pressure  of  401bs.  to  oOlbs.,  and  provided  the  holes  in  the 
jet  were  fine.  At  Messrs.  Smethurst's  collieries  the  special 
form  of  cart  mentioned  in  the  paper  under  discussion  gave 
excellent  results,  and  by  centrifugal  force  delivered  water  in 
fine  sprays  from  the  circular  rose  or  perforated  disc,  which 
was  scattered  on  the  roof,  floor,  and  sides  of  the  roadway, 
through  which  it  passed,  and  very  effectually  damped  the 
whole  air  travelling  in  the  road.  As  far  as  he  could 
remember  an  ordinary  sized  water  cart  would  effectually 
damp  the  dust  in  a  main  haulage  road,  with  a  double  line 
K)f  rails  for  a  distance  of  from  300  to  500  yards.     What 


was  most  required  with  a  cart  of  this  description  was  an 

automatic   shut- off,  so  arranged  that  no  water  should  run 

out  whilst  the  cart  was  stationary.      He  believed  that  thin 

method  would  be  much  more  costly  than  laying  pipes  in 

the  main  haulage  roads  and  airways,  which  latter  system 

would  be  of  very  great  service  in  the  case  of  a  fire  in  the 

mine.     With  reference  to  the  production  of  dust  by  badly 

oonstructed    and    open    boxes,   he    could   not  agree  with 

l{r.  Burrows  that  the  dust  was  chiefly  caused  by  the  small 

particles  blown  off  the  top  of  the  tubs  during  transit.     The 

South  Wales  collieries,  which  were  noted  as  being  more 

dusty  than  collieries  in  other  districts,  owed  it  nearly  all  to 

the  open  form  of  box  in  use  and  bad  roadways.     At  one 

colliery,   in   the  South   Wales  coalfield,   the  manager,  by 

uitroducing  a  better  class  of  road  and  rail,  and  substituting 

closed  for  open   tubs,   had   reduced   his  quantity   of  dust 

^^'o- thirds.     He  (Mr.  Mercier)  had  noticed  in  all  collieries 

*^  "which  iron  boxes  were  used  that  there  was  very  much 

l^sa  dust  produced  than  by  those  in  which  wooden  tubs  were 

^^lely  used. 


TThe  Chairman,  in  closing  the  discussion,  said  the  subject 
most  interesting  to  colliery  proprietors  and  managers. 
^^  had  been  told,  on  excellent  authority,  that  the  practice 
^f  watering  the  roads  was  much  on  the  increase  in  South 
^^ales. 


Mr.  Herbert  Fletcher  was  to  have  read  a  paper  on  "  The 

Working  Arrangements  at  Ladyshore  Colliery,"  but  in  view 

^  the  fact  that  those  arrangements  were  the  subject  of  a 

legal  inquiry,  he  deemed  it  best  not  to  say  anything  formally 

^boQt  them  at  this  meeting. 
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practice  was  that  the  tubs  would  weigh  a  little  more  when 
.arriving  at  the  surface. 

Mr.  M.  Mercier,  in  replying  to  the  various  questions  and 
remarks,  said  there  appeared  to  be  rather  a  mistaken  notion 
as  to  what  should  constitute  the  proper  watering  of  dusty 
mines.  What  was  required  was  not  the  sprinkling  of 
water  on  the  floor,  which  would,  as  Mr.  Burrows  remarked, 
run  about  like  quicksilver  and  do  very  little  service.  The 
water  should  be  so  mixed  with  the  air  in  the  form  of  a  very 
fine  spray  to  give  it  something  of  the  nature  of  a  Scotch 
mist.  In  this  condition  the  fine  particles  of  dust  became 
saturated  with  moisture,  and  falling  to  the  ground,  or 
settling  on  the  roof,  sides,  and  timbers  transmitted  the 
surplus  moisture  to  the  other  dust  particles.  If  the  mine 
be  watered  in  this  manner  the  moisture  would  have  but 
little,  if  any,  injurious  eflTect  on  the  warrant  or  roof.  The 
diffusing  of  this  fine  spray  or  vapour  had  been  successfully 
accomplished  at  numerous  collieries,  and  more  particularly 
so  in  the  South  Wales  coalfields,  by  the  use  of  jets  of  water 
and  compressed  air,  the  latter  giving  to  the  spray  an 
exceptional  fineness.  Compressed  air  was  not,  however, 
needed  where  a  head  of  water  could  be  obtained  to  give  a 
pressure  of  401b8.  to  501bs.,  and  provided  the  holes  in  the 
jet  were  fine.  At  Messrs.  Smethurst's  collieries  the  special 
form  of  cart  mentioned  in  the  paper  under  discussion  gave 
excellent  results,  and  by  centrifugal  force  delivered  water  in 
fine  sprays  from  the  circular  rose  or  perforated  disc,  which 
was  scattered  on  the  roof,  floor,  and  sides  of  the  roadway, 
through  which  it  passed,  and  very  effectually  damped  the 
whole  air  travelling  in  the  road.  As  far  as  he  could 
remember  an  ordinary  sized  water  cart  would  effectually 
damp  the  dust  in  a  main  haulage  road,  with  a  double  line 
^f  rails  for  a  distance  of  from  300  to  500  yards.     What 
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was  most  required  with  a  cart  of  this  description  was  an 
automatic   shut- off,  so  arranged  that  no  water  should  run 
out  whilst  the  cart  was  stationary.      He  believed  that  this 
method  would  be  much  more  costly  than  laying  pipes  in 
the  main  haulage  roads  and  airways,  which  latter  system 
would  be  of  very  great  service  in  the  case  of  a  fire  in  the 
mine.     With  reference  to  the  production  of  dust  by  badly 
constructed    and    open    boxes,   he    could   not  agree  with 
Mr.  Burrows  that  the  dust  was  chiefly  caused  by  the  small 
particles  blown  off  the  top  of  the  tubs  during  transit.     The 
South  Wales  collieries,  which  were  noted  as  being  more 
dusty  than  collieries  in  other  districts,  owed  it  nearly  all  to 
the  open  form  of  box  in  use  and  bad  roadways.     At  one 
colliery,   in    the  South   Wales  coalfield,  the  manager,  by 
introducing  a  better  class  of  road  and  rail,  and  substituting 
closed  for  open   tubs,    had    reduced   his  quantity   of   dust 
two- thirds.     He  (Mr.  Mercier)  had  noticed  in  all  collieries 
in  which  iron  boxes  were  used  that  there  was  very  much 
less  dust  produced  than  by  those  in  which  wooden  tubs  were 
solely  used. 

The  Chairman,  in  closing  the  discussion,  said  the  subject 
was  most  interesting  to  colliery  proprietors  and  managers. 
He  had  been  told,  on  excellent  authority,  that  the  practice 
of  watering  the  roads  was  much  on  the  increase  in  South 
Wales. 


Mr.  Herbert  Fletcher  was  to  have  read  a  paper  on  **  The 
Working  Arrangements  at  Ladyshore  Colliery,"  but  in  view 
of  the  fact  that  those  arrangements  were  the  subject  of  a 
legal  inquiry,  he  deemed  it  best  not  to  say  anything  formally 
about  them  at  this  meeting. 
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It  was  thereupon  agreed,  on  the  motion  of  Mr.  Burrows,, 
seconded  by  Mr.  Caldwell,  that  the  reading  of  the  paper  be 
postponed  to  a  future  meeting.* 

This  concluded  the  business. 


*  On  the  invitation  of  Mr,  Fletcher  the  members  had  pre- 
riomly  had  the  opportunity  of  visiting  the  Colliery,  viz.,  on 
Friday,  29th  April,  and  Monday,  May  Snd,  and  of  personally 
inspecting  the  workings  and  appliances  at  Ladyshore, 
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THE    UTILISATION    OF    MARSH,    OR    NATXTRAI-^Zii 

GAS. 


Mr.  Stirrup  said :  Before  proceeding  with  the  reading  o&i^^f 
the  papers  announced  in  the  circular,  I  would  like  to  refei 
to  a  subject  which  has  been  recently  discussed  by  the  Society 
It  would  be  in  the  recollection  of  the  members  that  at 
February  meeting,  a  paper  by  Mr.  G.  H.  Kinahan  was 
on  Marsh  or  Natural  Gas,  and  the  use  that  is  being  mad^^E^® 
of  it  in  some  towns  in  the  States  of  Pennsylvania  and  Ohioc:^-*^- 
Since  that  period,  although  so  recent,  there  has  been  aiK^j^^^ 
increasing  amoimt  of  interest  taken  in  the  subject  of  ihL-.V-^^ 
Natural  Gas  both  by  explorers  and  speculators,  and  the  excite- ^^-^  '^' 
ment  consequent  thereon  has  now  spread  to  adjoining  State^^^^^ 
The  oil  and  gas  belt  region  has  been  found  by  borings  t*-^*^ 
extend  through  Indiana,  and  the  prospect  of  this  untoW-^^'" 
wealth  has  produced  in  Indiana,  what  in  American 
lance  is  known  as  a  great  ''  hoom "  in  oil  and  natural 
companies,  in  consequence  of  which  real  estate  in  th^^^® 
lucky  districts  has  gone  up  in  value  by  leaps  and 
A  correspondent  of  mine,  Mr.  W.  H.  Fogg,  in 
knowing  that  the  subject  had  been  brought  before 
Society,  has  sent  me  a  batch  of  newspapers  from  Indian^^^' 
polls,  in  which  an  account  is  given  of  the  extraordinary 
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tliat  preyailB  in  many  of  the  towns  of  the  f ayoured  States  in 
oonBeqnence  of  this  discoyery  of  what  we  may  call  a  new 
power,  which  Geologists  scarcely  dreamed  of  before  the 
Tise  that  was  made  of  it  at  Pittsburg  some  years  ago. 

To  show  the  activity  and  excitement  that  at  present  exist, 
it  is  stated  that  the  first  company  which  was  formed  to  drill 
for  natural  gas  in  Indiana  dates  only  from  March  5th,  1886. 
Since  that  date  (up  to  May  8th)  118  companies  have  been 
formed,  and  from  two  to  five  per  day  are  being  added  to  the 
list.  Three-fourths  of  this  number  have  been  registered 
only  during  the  present  year. 

The  rough  sketch  map  before  you  shows  how  it  is  pro- 
poaed,  by  means  of  pipe  lines  from  the  wells  around 
Indianapolis,  to  convey  the  gas  for  lighting  and  heating 
P'urposes,  which  is  to  supply  the  needs  both  of  house  and 
Workshop.  Several  towns  in  Indiana,  enriched  by  this  new 
diaoovery,  are  offering  tempting  advantages  to  the  capitalist 
^^nd  manufacturer.  Free  land,  free  water,  and  free  gas  will 
^  granted  to  large  mills  and  factories  that  may  be  estab- 
^*^ed  in  their  midst. 

It  is  predicted  that  the  natural  gas  region  of  Ohio  and 
'^xdiana  will  be   the  seat  of  the  greatest  aggregation  of 
^^^^anufactories  in  the  world,  and  of  a  productive  activity  un- 
paralleled in  history.     Whether  the  prospective  advantages 
^aii8  proclaimed  will  be  realised  are  as  yet  uncertain,  but  if 
*uey  are,  even  in  a  moderate  degree,  it  will  puzzle   the 
^lleady  over- weighted  British  producer  to  maintain  his  own, 
^hen  his  American  cousin  is  offered  fuel  for  lighting  and 
Ideating  free  of  cost.     The  inducement  thus  offered  to  the 
<^pitalist  is  very  great,  and  it  seems  to  me  that  we  on  this 
^de  of  the  Atlantic  may  have  to  succumb  to  the  greater 
natural  advantages  which  the  United  States  offer,  as  we  have 
nothing  that  will  enable  us  to  compete  with  them  in  this 
respect. 
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New  Zealand :  Report  of  the  Mining  Industry  of,  1886. 
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Reports  of  Mining  Registrars  of  Gk>ld  Fielda,  Slst  Deoember, 
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Sydney— N.S.W. :  Report  of  Trustees  of  Free  Public  libiaxy,  1885-6, 
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Mr.  Stirrup  said :  Before  proceeding  with  the  reading  of 
the  papers  announced  in  the  circular,  I  would  like  to  refer 
to  a  subject  which  has  been  recently  discussed  by  the  Society. 
It  would  be  in  the  recollection  of  the  members  that  at  oi 
February  meeting,  a  paper  by  Mr.  G.  H.  Kinahan  was 
on  Marsh  or  Natural  Gas,  and  the  use  that  is  being  mad< 
of  it  in  some  towns  in  the  States  of  Pennsylvania  and  Ohio^ 
Since  that  period,  although  so  recent,  there  has  been 
increasing  amount  of  interest  taken  in  the  subject  of  thif 
Natural  Gas  both  by  explorers  and  speculators,  and  the 
ment  consequent  thereon  has  now  spread  to  adjoining  States.-^^^^ 
The  oil  and  gas  belt  region  has  been  found  by  borings  tc^  ^^ 
extend  through  Indiana,  and  the  prospect  of  this  iintol^:^-*" 
wealth  has  produced  in  Indiana,  what  in  American  par- 
lance is  known  as  a  great  ''  hoom "  in  oil  and  natural 
companies,   in   consequence    of    which   real   estate   in  th*^^^® 
lucky  districts  has  gone  up  in  value  by  leaps  and 
A  correspondent  of  mine,  Mr.   W.  H.  Fogg,  in 
knowing  that  the  subject  had  been   brought   before 
Society,  has  sent  me  a  batch  of  newspapers  from  Indian^^^" 
polis,  in  which  an  account  is  given  of  the  extraordinary 
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that  prevails  in  many  of  the  towns  of  the  f ayoured  States  in 
consequence  of  this  discovery  of  what  we  may  call  a  new 
power,  which  Geologists  scarcely  dreamed  of  before  the 
use  that  was  made  of  it  at  Pittsburg  some  years  ago. 

To  show  the  activity  and  excitement  that  at  present  exist, 
it  is  stated  that  the  first  company  which  was  formed  to  drill 
for  natural  gas  in  Indiana  dates  only  from  March  5th,  1886. 
Since  that  date  (up  to  May  8th)  118  companies  have  been 
formed,  and  from  two  to  five  per  day  are  being  added  to  the 
list.  Three-fourths  of  this  number  have  been  registered 
only  during  the  present  year. 

The  rough  sketch  map  before  you  shows  how  it  is  pro- 
posed,   by   means  of    pipe  lines  from    the    wells   around 
Indianapolis,  to  convey  the  gas  for  lighting  and  heating 
purposes,  which  is  to  supply  the  needs  both   of   house  and 
workshop.     Several  towns  in  Indiana,  enriched  by  this  new 
discovery,  are  offering  tempting  advantages  to  the  capitalist 
and  manufacturer.     Free  land,  free  water,  and  free  gas  will 
be  granted  to  large  mills  and  factories  that  may  be  estab- 
lished in  their  midst. 

It  is  predicted  that  the  natural  gas  region  of  Ohio  and 
Indiana  will  be   the  seat  of  the  greatest  aggregation  of 
manufactories  in  the  world,  and  of  a  productive  activity  un- 
paralleled in  history.     Whether  the  prospective  advantages 
t;lia8  proclaimed  will  be  realised  are  as  yet  uncertain,  but  if 
tiliey  are,  even  in  a  moderate   degree,  it  will   puzzle   the 
already  over- weighted  British  producer  to  maintain  his  own, 
^when  his  American  cousin  is  offered  fuel  for  lighting  and 
heating  free  of  cost.     The  inducement  thus  offered  to  the 
capitalist  is  very  great,  and  it  seems  to  me  that  we  on  this 
Bide  of  the  Atlantic  may  have  to  succumb  to  the  greater 
natural  advantages  which  the  United  States  offer,  as  we  have 
nothing  that  will  enable  us  to  compete  with  them  in  this 
respect.  
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GENERAL  SECTION  OF  THE  LOWER  COAL  MEASURE 
AND  MILLSTONE  GRIT  ROCKS  IN  THE  FORES 
OF  ROSSENDALE,  WITH  REMARKS  ON  SOME  0 
THE  FOSSILIFEROUS  BEDS  CONTAINED  THERED 

By  Mr.  Crispin  Dugdalb. 


GENERAL   SECTION. 
Beds  in  Desoendino  Order,  Commencino  about  220  yards 

BELOW  THE  ArLEY  MiNE. 

No.  FL  Ii 

1.  Sand  rock,  rather  coarse  and  false  bedded 30 

2.  Dark  coloured  shale,  near  the  base  a  bed  of  Qoniatites  and 

\/tjiU.vA    XOKNUm}  ••■•  >•■•  ••••  ••••  ••••  ••••••  \9%M 

3.  Sandstone  rock,  very  fine  grained,  bluish  colour 11    • 

4.  Black  shale,  in  which  are  found  fish  teeth  and  9cale». 

Reap's  Clough,  Bacup 70    ( 

5.  Forty  Yards,    or   Upper  Mountain   Mine   Coal, 

with  3ft.  of  good  fireclay  underneath 1ft.  3in.  to 

1ft.  6in.  and 11 

6.  Rocky  bands 5 

7.  Shale,  very  dark  in  colour     36 

8.  Coal,  with  4ft.  of  fireclay  under 0 

9.  Shale,  very  dark  in  colour,  with  bed  of  marine  fossils ....  56 

10.  Coal,  Upper  Foot.     On   top  of  this  bed   limestone 

nodules  containing  Qoniatites  Listeria  &c.,  occur 0 

11.  Black  shale 10 

12.  Sandrock,  false  bedded 30 

13.  Mountain  Mine,  or  Gannister  Coal,  in  roof  of  this 

seam  fossil  plants  abound 2ft.  6in.  to  3 

14.  Fireclay  seating,  full  of  rootlets Oft.  to  12 

16.   Black  shale 6 

16.  Micaceous  rock,  fine  grained        9 

17.  Lower  Foot  Coal  (with  fireclay  seating,  2ft.  to  4ft.)  . .  0 

18.  Dark  shale,  with  nodules  containing  fossil  shells . .  36ft.  to  46 

19.  Coal  or  Bassey  Mine  (Lower  Yard  Mine  of  Saddle- 

worth)       2 

20.  Fireclay     2 

21.  Shale,  with  Ferns,  Calamites       6 

22.  Sandrock  (Woodhead  Hill  rock),  fine  grained 24 
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23.  firown  ahale 36  0 

24.  HlAck  ahale,  with  fossil  shell  bed 50  0 

25.  Coal 0  10 

26.  f^izeclay  seating 1ft.  6in.  to  2  0 

27.  Scuidrock  (Upper  Bough  Bock)    50  0 

28.  Ck>AL  (Feather-edge),  ferns,  &c.,  occiir  when  there  is  a 

shale  roof 1  2 

29.  Sandrock  (Lower  Bough  Book) 24ft.  to  34  0 

30.  Shale,  dark  drab  colour,  with  Modiola  Macadami  near  the 

base       30  0 

31.  Plag  rock,  a  few  Ferna  interspersed       44  0 

32.  Brown  and  drab  shale    130  0 

33.  Black  shale,  near  the  base  Ooniatites  Listeria  and  other 

shells  are  found 20  0 

34.  Strong  brown  shale 20  0 

35.  Flag  rock  (Haslingden  flag  rock).  Catamites ,  SigiUaria, 

Ferns      27  0 

36*  Brown  and  drab  shale        33  0 

37*  Flag  rock,  ripple  marked.     Cordaites  at  Elton  Bank, 

Edenfield 44  0 

^'  Brown  and  drab  shale        98  0 

39.  Black  shale,  with  bed  of  marine  shells 35  0 

^.  Coal  (top  coal  of  Brooksbottom  series) 1  3 

*1.  Micaceous  shale 40  0 

*2.  Sandrock,  fine  grained       20  0 

^»  Coal  (bottom  Coal  of  Brooksbottom  series)      1  4 

**•  Becky  bands    16  0 

*    ■TilHCK  xOC&       ..         ....         ....         .•*•         ....         ....         ......  vl  v 

^.  Shale,  with  marine  shell  beds       100  0 

^'-  Black  rock    3  0 

^8.  Dnh  shale,  with  marine  shell  beds      15ft.  to  40  0 

49.  Flaggy  rock        15ft.  to  20  0 

W.  Shale,  very  dark  in  colour 24  0 

*!•  Sandrock,  false  bedded 5  0 

*^2.  Blue  shale.     Ferns  plentiful  in  it 3  6 

*^'  Coal,  at  Bavenshore      0  3 

^*  Sandrock,  in  places  full  of  plant  remains,  Calamites,  &c...  60  0 

^-  Brown  shale 30  0 

^-  Coal 0  i 

"•laiQ ....       ....       •...       •.••       ....      ....       ....       ....  Xvf  V/ 

^.    8oY>(1rrv«lr  27  0 

^*V«AX^^X  ^rv^k    ••>•      •■••      •••■      ••••      ••••      ••••      •••-••  M  fl  Vf 


Nn.  |M      1;, 

.v.).    Shale  .  .  .">    o 

60.  Coal 0    6 

61.  Sandrock       42    0 

O^.        C/IUkl6   >•  ....  ....  .«..  ..••  a...  ......  4         if 

At  the  request  of  your  Secretary,  Mr.  Stirrup,  I  have 
been  induced  and  encouraged  to  put  together  the  following 
particulars  of  the  rocks  of  a  district  with  which  I  am 
intimately  and  practically  acquainted. 

The  details  of  the  section  which  I  lay  before  you  are  not 
all  obtained  from  one  place,  but  are  gathered  from  an  area 
of  five  or  six  miles ;  the  reason  of  having  to  go  over  so 
great  a  distance  being  that  the  fossilif erous  beds,  which  I 
specially  want  to  mention,  are  not  always  accessible  in  any  ^ 

one  locality,  but  have  to  be  followed  for  two  or  three  miles,        ^  , 
until  a  convenient  spot  for  examination  presents  itself. 

No  doubt  the  rocks  of  this  district  are  pretty  well  known,  ^  -•, 
also  the  fact  that  certain  portions  contain  fossils,  but  I  have  ^^'e 
never  seen  any  account  in  which  any  particular  place  is  -^-is 
mentioned  where  fossils  are  to  be  got. 

Having  rambled  up  and  down  this  district  for  nigh  .^Jh 
twenty  years,  and  poked  with  my  hammer  in  every  bit  of  ^r^^f 
bare  rock  I  came  across,  I  have  been  able  to  find  several  -t-^^l 
fossiliferous  beds,  which  I  have  no  doubt  it  will  be  of  '^r^^f 
interest  to  some  of  the  members  to  know  where  to  find. 

It  is  very  easy  to  get  fossils  when  you  know  where  to  go, 
but  when  you  have  to  search  about  for  years,  it  is  rather 
different. 

I  have  found  several  of  these  beds,  and  I  have  no  doubt^^^^ 
there  are  more,  but  the  great  difficulty  is  to  find  the  si 
bared  where  these  fossil  beds  occur. 

I  have  gone  a  dozen  times  to  some  of  these  places,  anc 
have  found  something  fresh  almost  every  time. 

I  am  sorry  that  I  am  not  able  to  lay  before  you  fossi] 
from  all  the  beds  that  I  shall  mention,  but  I  have  hi 
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plenty  from  all  of  them,  but  haye  kept  giving  them  away, 
and  since  my  connection  with  this  Society,  the  state  of  my 
health  has  not  allowed  me  to  go  in  search  of  more. 

I  have  been  astonished  at  times  to  find  these  fossil  beds 
continuous  over  such  a  large  area,  and  so  constant  are  they 
in  character,  that  I  can  readily  determine  their  stratigra- 
phical  position. 

For  instance,  I  foimd  certain  fossils  at  Bonfire  Hill, 
Crawshaw  Booth,  and  then  hearing  they  were  working  in 
the  same  beds  at  Bacup,  I  wrote  to  a  friend  to  look  for  some 
special  fossils  that  I  named,  and  he  found  them. 

The  section  commences  at  Tooter  Hill,  above  Bacup,  at  an 
olevation  of  1,420  feet  above  sea  level. 

1. — ^About  30  feet  of  sand  rock  rather  coarse  and 
false  bedded,  but  where  it  is  well  developed,  it  gives  a 
oapital  paving  sett.  It  is  extensively  worked  at  Warmden, 
Hear  Accrington,  for  that  purpose.  It  is  known  as  Tumbling 
Cob  Rocky  but  where  it  received  this  name,  I  do  not  know. 

2. — About  65  feet  of  very  dark  Shale ;  about  3  feet  from 
t;lLe  bottom  of  this  shale  is  a  bed  of  Qoniatites,  Aviculo-Pectens, 
PoMonomyay  which  can  be  seen  in  a  small  quarry  on 
eighter  Hey,  near  Shameyford. 

3- — 11  feet  of  very  fine  grained,  bluish  Sandstone  rock. 
It  contains  some  trail-like  markings  and  produces  a  quantity 
of  flags  on  Heighter  Hey.  This  rock  is  to  be  seen  at  the 
"top  of  Heap's  Clough,  near  Tooter  Hill.    (No  special  fossils.) 

4. — Seventy  feet  of  black  Shale  which  towards  the  bottom 
<sontains  a  quantity  of  fish  teeth  and  scales,  but  they  do 
not  lie  in  any  particular  portion. 

This  shale  is  barren  of  atone  rows  except  a  few  ironstone 
xiodules,  and  can  be  seen  in  Heap's  Clough* 

6. — ^The  40  yards  or  Upper  Mountain  Mine  Coal 
(uppermost  seam  of  Lower  Coal  Measures)  which  is  from 
I  foot  3  inches  to  1  foot  6  inches,  and  1  foot  11  inches, 

14a 
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and  is  a  very  fair  quality  of  coal,  but  it  contains  a  quantity 
of  sulphate  of  iron,  or  as  ^he  colliers  call  them  "brass  lumps.'* 

This  coal  has  been  extensively  worked  around  Bacup,  and 
can  be  seen  cropping  out  all  along  the  hill  sides.  Under 
this  coal  there  are  3  feet  of  very  good  fire-clay,  used  for 
making  fire-bricks. 

6. — Five  feet  of  rocky  bands,  that  is  a  layer  of  rock  and 
then  a  layer  of  shale. 

7. — ^Thirty-six  feet  of  very  dark  Shale,  which  contains  a 
quantity,  of  what  appears  to  me,  of  iron-stone  in  layers  of 
1  inch  thick  to  4  inches.  These  layers  do  not  run  quite 
regularly,  but  appear  to  change  about  a  little.  XJnfossili- 
ferous. 

8. — Two  inches  of  very  good  coal,  under  which  there  is 
about  4  feet  of  fire-clay  which  contains  a  quantity  of  gan- 
nister  cobs. 

9. — Fifty-six  feet  of  very  dark  Shale,  nearly  black.  About 
8  or  9  feet  from  the  bottom  of  this  shale  there  is  a  very  small 
bed  of  fossils  about  half  an  inch  thick  of  very  small  shells, 
Posidonomya  Oibsani  found  in  Reap's  Clough  opposite  a 
house  called  Pasture  Bottom  (not  marked  in  the  Ordnance 
Map). 

10. — Under  this  shale  8  inches  of  very  good  Coal  called 
the  Upper  Foot ;  on  the  top  of  this  there  is  a  large  quantity 
of  limestone  nodules  containing  numerous  fossils  as  Goniatites 
Listeriy  Avicuh-Pectens,  Posidonomya  Gtbsont,  Orthoceras,  sp. 
Vide  Fig.  1,  Plate  I.,  a  polished  piece  of  a  limestone  nodule, 
showing  the  fossils. 

11-12. — Under  the  above  mentioned  small  coal  there  is  10 
feet  of  Black  Shale,  then  30  feet  of  false  bedded  Sand-rock 
which  may  be  seen  in  Oaken  Clough,  near  Bacup. 

13. — Gannister,  or  Mountain  Mine  Coal,  which  is  2  feet  8 
inches  thick  at  Oaken  Clough,  but  varies  a  little  from  2  feet 
6  inches  to  3  feet  at  other  places. 
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It  18  no  less  strange  than  tme  tliat  the  small  coal  of 

8  inches  thick  occurring  40  feet  above  the  Gannister  Mine, 

unites  with  the  underlying  Gannister  Mine,  and  forms  a 

5  feet  seam,  about  1^  miles  east  of  Bacup.     After  the  union 

the  coal  is  not  so  good,  and  the  30  feet  of  false  bedded  sand 

rock  disappears.     This  junction  can  be  seen  exposed  in  the 

open  about  2  miles  from  Bacup,  at  the  top  of  Gorply  Clough, 

The  united  beds  appear  to  run  nearly  N.  and  S.  for  several 

miles,  for  they  occur  again  at  Wholaw  Nook,  just  at  the 

top  end  of  Clow  Bridge  Reservoir,  on  Burnley  Moor. 

After  the  union,  the  vegetable  fossils  disappear  that  were 
so  numerous  before,  and  the  limestone  nodules,  full  of 
znarine  fossils  as  before,  are  found  on  the  top  of  the  5  feet 
seam  just  as  they  had  previously  occurred  on  the  top  of  the 
XJpper  Foot.  This,  I  think,  is  sufficient  proof  that  the  two 
cecals  do  come  together,  for  we  never  find  them  on  the 
CBhannister  before  it  becomes  5  feet  coal. 

This  Gannister  seam  of  coal  is  worked  at  several  places 
und  Bacup,  and  is  considered  a  very  good  coal. 
A  large  quantity  of  fossil  plants  is  found  on  the  top  of  this 

viz.,  Ferns,  Sigillaria^  Lepidodendroriy  Uhdendron,  &c. 
14. — Underneath  the  coal  there  is  generally  about  6  to  12 
'<<et  of  fireclay  and  Gannister  rock,  which  are  always  full  of 
codets. 
15. — ^Six  feet  of  black  shale. 

16. — Nine  feet  of  very  fine  Micaceous  rock  ;   only  in  one 
lace  have  I  seen  this  absent,  viz.,  in  Oaken  Clough. 
17. — Eight  inches  of  very  good  Coal,  called  the  Lower 
'^ik)t  ;  under  this  there  is  generally  2  to  4  feet  of  fireclay. 
18. — ^Thirty-six  to  forty-six  feet  of  dark  shale. 
These   shale  beds   vary   very  much  in  thickness,   even 
^tliin  short  distances. 

-^bout  the  middle  of  this  shale  may  be  found,  at  some 
pWces,   a  large  number  of  nodules,  full  of  the  shells  of 


Modio/opsi.s,  not   crushed,   but  in  their  natural  shape,  as  at 
Grime  Bridge  Clough,  near  Lumb  or  Water. 

About  10  feet  below,  there  is  another  very  extensive  bed, 
larger  than  the  above,  but  with  the  shells,  AnthraeosiOy 
generally  crushed,  can  be  found  at  Oaken  Clough,  and 
several  other  places. 

I  found  this  bed  at  Helpit  Edge,  Saddleworth,  during  the 
Society's  excursion  last  year. 

19-20. — ^Two  feet  of  inferior  Coal,  called  in  this  district, 
Bassey  Mine.  It  is  identical  with  the  Lower  Yard  Mine,  of 
Saddleworth ;  it  appears  to  be  a  very  fair  coal  at  Saddle- 
worth,  but  in  Rossendale  it  is  very  poor. 

It  is  interspersed  with  bands  of  shale,  perhaps  a  quarter 
of  an  inch  of  coal,  and  then  quarter  of  an  inch  of  shale,  and 
80  on,  through  the  whole  thickness  of  the  bed.  There  is, 
generally,  2  feet  of  fireclay  under  it. 

21. — Six  feet  of  shale  which  contains  a  few  fossil 
and  Calamites. 

22. — Twenty-four  feet  of  fine  grain  sand-rock  generally  ^%^-ily 
called  Woodhead  Hill  Eock.  This  when  well  developed  is  a.tfs  m  i 
very  fair  building  stone.  Some  little  of  it  has  been  got 
in  the  town  of  Bacup,  on  the  left  hand  side  of  Burnley  road. 

23-24. — Thirty-six  feet  of  brown  Shale  and  then  50 
of  black  Shale. 

About  15  feet  from  the  bottom  of  the  latter  is  a  bed  ol 
fossil  shells,  partly  cewts,  which  present  a  curious  appearance— ^^'®- 

The  fossil  has  been  determined  as  Myalina  crcism  var^""^'^- 
modioliformis. 

These  are  found  as  a  thickly  compacted  mass  in  a  ^^owta^  ^^ 
row,  about  2  feet  thick  and  naturally  containing  a  qnantity^^riry 
of  lime  from  being  so  full  of  shells. 

I  have  only  foimd  this  fossil  bed  at  Trough  Ghtte  oi^^^' 
Britannia  Station,  on  the  Bacup  and  Bochdale  Railwa}^^^ 
(about  1^  miles  from  Bacup).     I  have  searched  the 
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■trata  in  several  places,  but  have  not  been  able  to  find  the 

least  trace  of  them. 

I  should  never  have  got  to  see  them  at  Trough  Ghtte  if 

the  railway  had  not  happened  to  cut  through  the  bed  which 

contained  them. 

These  fossils  were  foimd  in  the  first  foot  from  the  top  of 

the  atone  row,  and  in  the  lower  portion  was  another  very  small 

ahell  from  quarter  to  half  inch  long,  having  a  yellowish  and 

imooth  surface ;  but  these  I  gave  away  and  have  not  been 

able  to  procure  other  specimens  since. 

25-26. — Ten  inches  of  Coal  seen  on  Bramwood  Moor, 

near  Staoksteads,  just  above  Brierley's  coal  pit.     It  has  got 

the  shale  above  and  a  fire-clay  underneath,  the  latter  being 

18  to  24  inches  thick,  and  is  groimd  to  make  into  bricks. 

I  have  seen  this  coal  cut  through  in  two  places,  one  at 

Shawforth  in  the  turnpike  road  when  making  the  road  to 

'the  station,  the  other  on  the  top  of  the  hill  going  over  to 

^Britannia  quarry. 

About  18  inches  above  the  small  coal  is  a  bed  of  fossils 

^with  abundance  of  Ooniatites,  Pectena,  Posidonomt/a  Oibaoniy 

J^nffula  8quami/ormi8,   best  seen    in  Ghreen's  Clough   and 

TTower's  Clough. 

27. — Under  the  small  coal  fire-clay  there  is  50  feet  of 

^tmgh  sand-rock  termed  the  Upper  Rough  Rock.     It  varies 

in  the  valley  of  Rossendale  from  16  to  60  feet  in  thickness. 

28.  — Fourteen  inches  of  coal.  Feather-edge.      Sometimes 

tiiere  is  1  to  2  feet  of  shale  on  the  top,  and  when  this  occurs, 

the  shale  is  full  of  fossil  plants,  ferns,  &c. 

This  coal  is  worked  by  several  people  in  this  district  at 

the  present  time. 

It  is  a  very  fair  coal  where  it  has  got  plenty  of  weight  on 

the  top  of  it ;  where  got  at  the  outcrop  is  very  poor.     It 

lias,  generally,  3  feet  of  fireclay  underneath. 

29. — ^Twenty-four  to  thirty-four  feet  of  sand-rock,  called 

Lower  Bough  Rock. 
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The  two  beds,  Upper  and  Lower  Rough  Bock  taken 
together,  are  known  by  the  name  of  Feather  Edge,  and 
constitute,  I  believe,  the  first  Millstone  Grit  of  the 
Geological  Survey. 

The  lower  portion,  under  the  coal,  makes  a  very  good 
building  stone,  and  is  worked  at  two  places  near  Bacup, 
viz..  Bank  House  and  Lee  Height,  on  the  opposite  side  of 
the  valley. 

In  1886,  borings  were  made  at  Shepherd's  Mill,  Burnley 
Road,  top  end  of  Bacup,  through  the  Upper  and  Lower 
Rougb  Rock  and  the  coal,  which  gave,  together,  a  thickness 
of  96  feet  to  these  beds,  as  shown  by  the  accompanying 
section  of  borehole. 

Borehole  at  Shepherd's,  Bacup. 
14  yards  of  clay. 
4  yards  of  rock. 
9  yards  of  black  shale. 
1  foot  of  coal. 
32  yards  of  strong  grit  rock. 
7  yards  of  black  shale. 
6  feet  of  blue  shale. 

68  yards  from  top  of  well. 

30.— Thirty  feet  of  dark  drab  Shale ;  near  to  the  bottom  M 
is  a  bed  of  very  small  fossil  shells,  Modiola  MamdamL 

This  shell  is  best  found  at  Bonfire  Hill  Quarry,  Crawshaw  ^ 
Booth.  I  have  also  found  it  at  Bacup,  but  the  place  is-s 
now  built  over  ;  also  at  Green's  Clough,  near  Portsmouth. 

This  shale  thins  out  in  some  parts  of  this  district,  as  at— - 
Holcombe,  where  it  is  only  a  few  inches  thick. 

31. — Forty-four  feet  of  rock,  used  for  flags,  kerbstones, 
and  setts;    it  is  a  very   good  hard  stone,  almost  equal  U^ 
granite,  and  is  worked  very  extensively  at  the  Crag  an<L- 
Britannia  Quarries. 
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The  two  beds,  Upper  and  Lower  Rough  Bock  taken 
together,  are  known  by  the  name  of  Feather  Edge,  and 
constitute,  I  believe,  the  first  Millstone  Grit  of  the 
Geological  Survey. 

The  lower  portion,  under  the  coal,  makes  a  very  good 
building  stone,  and  is  worked  at  two  places  near  Bacup, 
viz.,  Bank  House  and  Lee  Height,  on  the  opposite  side  oi 
the  valley. 

In  1886,  borings  were  made  at  Shepherd's  Mill,  Burnley 
Road,  top  end  of  Bacup,  through  the  Upper  and  Lowei 
Rough  Rock  and  the  coal,  which  gave,  together,  a  thicknesi 
of  96  feet  to  these  beds,  as  shown  by  the  accompanying 
section  of  borehole. 

Borehole  at  Shepherd's,  Bacup. 
14  yards  of  clay. 
4  yards  of  rock. 
9  yards  of  black  shale. 
1  foot  of  coal. 
32  yards  of  strong  grit  rock. 
7  yards  of  black  shale. 
6  feet  of  blue  shale. 

68  yards  from  top  of  well. 

30. — ^Thirty  feet  of  dark  drab  Shale ;  near  to  the  bottoc 
is  a  bed  of  very  small  fossil  shells,  Modiola  Macadami, 

This  shell  is  best  found  at  Bonfire  Hill  Quarry,  Crawsha^ 
Booth.  I  have  also  found  it  at  Bacup,  but  the  place  L 
now  built  over  ;  also  at  Green's  Clough,  near  Portsmouth. 

This  shale  thins  out  in  some  parts  of  this  district,  as  a. 
Holcombe,  where  it  is  only  a  few  inches  thick. 

31. — Forty-four  feet  of  rock,  used  for  flags,  kerbstonee 
and  setts;  it  is  a  very  good  hard  stone,  almost  equal  t* 
granite,  and  is  worked  very  extensively  at  the  Crag  anp 
Britannia  Quarries. 
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-Fossil  ferns  are  found  occasionally  in  it. 

32. — One  hundred  and  thirty  feet  of  brown  and  drab 
shale,  exceedingly  barren  of  fossils.  At  some  places  there  is 
soaroely  a  trace  of  a  stone  in  it.  May  be  seen  at  Harescar, 
near  Foe  Edge. 

33. — ^Twenty  feet  of  black  shale. 

In  the  lower  portion  is  a  bed  of  fossils,  Chniatites  Listeria 
Peciens,  the  shells  being  crushed  and  decayed.  Goniatites 
and  Pectens  are  very  much  crushed.  May  be  found  at 
8e?eral  phices  in  the  district,  among  others  at  HomclifE, 
Oreat  Height,  Chapel  Hill  and  Crawshaw  Booth.  Some 
▼erj  white  mineral  substance  like  alum  crystallizes  out  of 
this  shale  when  dry. 

34. — ^Twenty  feet  of  strong  brown  Shale. 

35. — ^Twenty-seven  feet  of  rock,  known  as  the  Haslingden 
Flag  Bock,  used  for  flags,  kerb-stones,  and  setts,  for  which 
it  is  well  adapted  and  is  extensively  worked  at  Hutch  Bank 
Uid  at  Haslingden.  Remains  of  Calamites,  Sigiliaria,  and 
^hms,  are  foimd  in  it. 

36. — Thirty-three  feet  of  brown  and  drab  Shale ;  this  bed 
^aries  very  much  in  thickness,  at  Great  Height  it  is  33  feet, 
>ut  at  Stacksteads  it  is  only  2  feet  thick. 

Where  these  great  differences  occur,  I  generally  find  there 
B  a  great  fault  between,  but  why  these  faults  should  make 
^uch  a  difference  I  am  at  a  loss  to  know.  For  in  some  cases 
iliat  I  know  of  there  are  60  feet  of  rock  on  the  one  side  of 
he  fault  and  only  30  feet  on  the  other,  yet  there  are 
'eatoree  in  the  top  portion  which  show  me  that  both  sides  of 
;lie  fault  belong  to  one  and  the  same  bed. 

37. — ^Forty-four  feet  of  rock,  ripple  marked,  worked  for 
iag^  kerb-stones,  and  setts. 

Cordaites  borassi/olitts,  vide  Fig.  2,  Plate  I.  (Elton  Bank, 
Edenfield),  and  unnamed  plant  Fig.  3,  Brow  Edge  Quarry, 
Qreat  Height. 
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All  these  flag  beds  produce  ashlar,  landing,  and  longstane. 

The  two  last  beds  of  rock  I  take  to  be  the  No.  2  Mill- 
stone Grit. 

38. — ^Ninety-eight  ft.  of  brown  and  drab,  very  strong  Shale. 

This  can  best  be  seen  at  Thrutch,  near  Waterfoot,  on  the 
banks  of  the  Irwell,  where  the  river  has  cut  its  way 
through  this  rock.     I  have  not  found  any  fossils  in  the  above. 

39.— Thirly-five  feet  of  black  Shale. 

About  20  feet  from  the  bottom  of  this  shale  may  be  found 
a  bed  of  fossils  consisting  of  Ooniatitea  Liateri,  Pectens, 
P(mdonomya,  Orthoceraa.  May  be  seen  at  Cribden  Clough, 
Holt  Mill,  Waterfooty  Coupe,  and  other  places. 

40. — Fifteen  inches  of  Coal  of  a  rather  inferior  quality, 
but  is  not  now  worked  anywhere  in  the  district ;  it  has  been 
tried  once  or  twice  but  has  been  given  up.  There  are  several 
boreholes  put  down  to  this  coal  in  and  around  Waterfoot 
for  water,  of  which  it  appears  to  make  a  large  quantity. 

This  is  the  top  coal  of  the  Brooksbottom  series,  and  can 
be  seen  at  Halloarr,  Hurdles,  Coupe,  and  elsewhere. 

41. — Forty  feet  of  Micaceous  Shale,  unfossiliferous. 

42. — ^Twenty  feet  very  hard  and  fine-grained  Sand-rock  can 
be  seen  at  Underwood,  near  Cloughf  old ;  and  at  Holdenwood, 
near  Helmshore,  under  the  embankment  of  the  reservoir. 

43. — ^A  small  coal,  16  inches  thick,  at  Holdenwood.  At 
Underwood,  near  Cloughfold,  it  is  divided  into  two  thin 
bands.  A  pit  was  sunk  to  this  coal  in  Homcliffwood,  but 
no  coal  has  been  got  for  the  last  40  years. 

44. — Sixteen  feet  of  rocky  bands. 

45. — Nine  inches  of  black  rock. 

46.—  One  hundred  feet  of  shale  ;  the  lower  portion  is  very 
black.  About  6  feet  from  the  bottom  there  is  a  bed  of 
fossils  containing  Ghmiatites  hilinguis,  PoBidonomya  Oibsoni, 
Avictilapecten  papyracem.  Can  be  best  found  at  Buckden 
Clough,  between  Holcombe  Hill  and  Bull  BUU.     Above 
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this  toesil  bed  is  another,  containing  Productus  Fleniingii, 
(Chanetes  Lagti€S9iana,=  0.  Hardremia  ?,)  near  bottom  of 
Tower^s  Clough,  Portsmouth,  Todmorden ;  in  upper  part 
are  fine  casts  of  large  worm  tracks. 

47. — ^Three  feet  of  black  rock  at  Hallcarr,  near  Rawtenstall. 
At  Buckden  Clough  it  is  6  feet  thick,  where  it  has  been 
mined  for  the  repair  of  roads. 

Close  under  this  rock,  at  Buckden  Clough,  6  inches  of 
good  coal  occurs,  but  at  Hallcarr,  near  Rawtenstall,  no  coal 
is  found,  but  at  both  places  a  bed  of  good  fireclay,  3  feet 
thick,  is  present. 

48- — Fifteen  to  forty  feet  of  a  kind  of  drab  Shale.   At  Hall- 
carr this  bed  is  only  15  feet  thick,  whilst  at  Sunny  Bank, 
Helmshore,  near  to  Mr.  Porritt's  woollen  mill,  it  is  40  ft. 
Two  beds  of  fossils  occur  in  this  shale,  one  about  10  feet 
frxHn  the  top,  may  be  seen  on  the  north-east  side  of  the 
liver,  a  little  above  Mr.  Porritt's  mill,  containing  Ganiatites 
bHinguiSf   Peetene,   Posidonomi/a,  Productus  scabriculus,  the 
l^ist  one  rare,  as  I  have  only  found  it  on  one  occasion. 
^^nes  of  Productus  (?). 

The  other  fossiliferous  bed  is  about  6  or  8  feet  from  the 
^>ottom  of  the  40  feet  shale,  and  can  be  found  at  the  lower 
^nd  of  Mr.  Porritt's  works,  on  the  west  side. 

The  fossils  are  in  nodules,  which  contain  the  casts,  in  a  de- 
cayed condition,  of  Goniatites ;  the  shell  substance  is  entirely 
^one,  leaving  only  markings  of  the  outer  shell.  Ferns 
cind  vegetable  markings  are  also  found  in  the  same  nodules. 
49. — Fifteen  to  twenty  feet  of  rock  produces  a  quantity  of 
flags  at  Balladen,  near  Rawtenstall,  where  it  is  15  feet  thick. 
^t  Ravenshore,  20  feet. 

50. — ^Twenty-four  feet  of  very  dark  Shale  at  Ravenshore, 
tiiis  appears  to  be  absent  at  Balladen. 

61. — Five  feet  of  false  bedded  Sand-rock  at  Ravenshore. 

52. — ^Three  feet  6  inches  blue  Shale. 

This  bed  is  widely  known  as  containing  a  large  quantity 
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of  fossil  ferns,  a  fossil  fruit,  probably  Bhabdocarpus  muUw- 
triatus,  (St. )  has  been  found  at  Rav enshore,  vide  Fig.  4,  Plate  I. 

53. — Under  this  shale  at  Bavenshore,  3  inches  of  ooal 
occurs  and  then  six  inches  of  Mating  (a  kind  of  fire-clay). 

54. — ^Sixty  feet  of  Sand-rock,  rather  false  bedded ;  may 
be  seen  at  Balladen,  near  Bawtenstall,  it  is  not  worked  to 
my  knowledge  anywhere. 

Full  in  places  of  plant  remains,  CalanUtes,  &o. 

55. — Thirty  feet  of  brown  Shale. 

56. — Quarter  of  an  inch  of  Coal,  this  can  be  seen  at  Cart- 
house  quarry.  Hall  Hill,  near  Bawtenstall,  and  at  Pigslee  in 
Shuttleworth,  in  a  quarry  close  to  the  turnpike  road.  The 
two  localities  being  about  2  miles  apart. 

57. — ^Ten  feet  of  very  strong  raggy  Shale. 

58. — ^Twenty-seven  feet  of  very  good  sound  Sand-rock 
makes  very  good  Ashlar,  can  be  seen  at  Carthouse  quarry. 

59-60. — Five  feet  of  Shale,  at  the  bottom  of  which  there 
is  a  small  coal  about  6  inches  thick,  was  formerly  to  be  seen 
at  Carthouse  quarry  but  is  now  covered  up,  but  it  can  be 
seen  at  the  before  mentioned  quarry  at  Pigslee. 

61. — Forty-two  feet  of  Sand-rock,  this  is  a  very  good 
building  stone  for  Ashlar  and  all  kinds  of  Longstone;  it  is  very 
extensively  worked  at  Fletcher  Bank,  near  Bamsbottom, 
and  can  be  seen  in  the  railway  cutting  at  Newhall  Hey, 
Bawtenstall. 

62. — About  4  feet  of  Shale  may  be  seen  under  the  above 
rock  at  Newhall  Hey,  which  is  the  lowest  stratum  I  have 
been  able  to  see  in  this  district. 

(The  three  last  beds  of  27  feet  of  sand-rock,  5  feet  of 
shale,  and  42  feet  of  sand-rock,  I  think  are  Professor  Hull's 
4th  Grit  rock).  

Mr.  Stirrup,  during  the  reading  of  the  paper,  pointed  out 
the  special  fossils  on  the  table,  which  belonged  to  the 
different  beds  referred  to ;  and  said  that  although  these 
fossils  were  fairly  representative,  they  were  by  no  means  to 
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be  considered  as  a  complete  series,  Mr.  Dugdale  having  from 
time  to  time  given  many  of  his  specimens  away. 

The  Millstone  Grit  series  of  rocks  was  generally  regarded 
as  nnfbssilif erons,  but  diligent  search  among  the  intercalated 
shales  proves  them  to  be  otherwise,  as  shown  by  the 
nnmerons  fossils  exhibited. 

These  sandroeks,  with  their  intervening  shales,  marked 
the  difierent  conditions  nnder  which  they  were  respectively 
^qposited,  the  former  containing  the  remains  of  land  plants, 
Penw,  Calamites,  Sigillaria,  8fc.,  while  the  shales  contain  a 
marine  fanna  of  well  known  carboniferous  tjrpes,  as  Ortho- 
emu,  Cfoniatttes,  Productus,  Lingula,  Aviculopecten,  8fc, 

In  some  of  these  we  have  the  survivors  of  a  fauna  which 
attained  its  fullest  development  in  the  seas  of  the  carboni- 
ferous limestone,  but  the  large  size  to  which  the  Goniatites 
Xjiflteri  attained  during  a  portion  of  the  epoch  of  the  Lower 
Goal  Measures  shows  that  the  conditions  for  its  existence 
•till  continued  extremely  favourable. 

Mr.  Stirrup  called  attention  to  the  fossil  fruit  known  as 
^^labdocarpus,  also  to  a  well  preserved  leaf  of  what  is 
^^own  as  Cordaitea  boraasifolius.  Ung,,  a  genus  of  uncertain 
^^ftnity,  which  by  its  form  looks  very  much  like  the  Yucca, 
which  he  believed  to  be  rare  in  the  Manchester 
[-field,  although  it  occurs  elsewhere  in  England. 
^ir  J.  Wm.  Dawson,  in  his  Acadian  Geology,  speaks  of 
^t;  as  oommon  in  Nova  Scotian  coal  measures,  while  in  the 
^H)al-fields  of  central  France  it  is  also  a  well  known  and 
^t^ain  constituent  of  their  upper  coal  beds. 


Granite  boulder  and  fossil  plant  from 
the  gannister  coal,  bacup. 


A  granite  boulder  and  fossil  plant,  sent  by  Mr.  H.  H. 
Bolton,  from  the  Gannister  coal  at  Bacup,  were  exhibited. 

Mr.  Stirrup,  referring  to  these  specimens,  said  that  he 
^as  in  the  Bacup  district  a  fortnight  ago,  and  happened  to 
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hear  of  this  fossil  which  had  been  found  by  Mr.  Lord,  one 
of  Mr.  Bolton's  managers.    It  not  being  one  of  the  common 
vegetable  forms  foimd  in  the  coal  beds,  he  had  requested 
Mr.  Bolton  to  submit  it  to  the  inspection  of  the  memben  at 
this  meeting,  and  he  had  kindly  done  so.    It  appemred  fib 
one  of  the  things  figured  in  days  gone  by,  under  the  imw^f 
Palmaeites — {vide  Plate  II.)  being  very  much  like  the  oudiii 
of  a  palm  leaf,  but  it  was  not  recognised  now  that  then  mnA 
any  fossil  palms  which  could  be  certified  as  haymglmi 
during  the  deposition  of  the  coal  measures ;  and  he  was  raliiar 
imder  the  impression  that  it  belonged  to  some  other  «dl- 
kno  wn  families  that  occur  in  the  coal,  but  to  give  a  name  or  say 
anything  more  about  it  he  did  not  feel  justified  at  present.* 
The  boulder  upon  the  table  was  from  the  Ghumister  Mine  at 
Bacup,  and  the  memorandum  he  had  with  it  was  as  follows: — 
**  Found  imbedded  in  the  roof,  close  to  the  top  of  the  coal, 
in  the  Old  Meadow  Pit ; "  and  the  fossil  was  found  in  th© 
same  mine — the  Gannister  Mine.     The  boulder,  in  its  ex- 
terior, did  not  differ  much  from  those  which  Mr.  Radclifii 
and  other  members  had  exhibited  at  former  meetings,  but  h 
thought  its  composition  would  be   seen  to   be  somewha 
different  from   those  quartzite  boulders   which   they   h 
before  seen,  and  in  that  respect  it  was  very  interesting. 

Mr.  Rabcliffe,  for  the  purpose  of  comparison, 
one  of  the  ordinary  quartzite  boulders. 

Mr.  Stirrup  said  these  quartzite  boulders  were,  as  a  rule^^ 
more  plentiful  in  the  Middle  Coal  Measures  than  in  the  Gan — 
nister.  He  believed  the  occurrence  of  boulders  in  th^^ 
Gannister  Mine  was  brought  under  the  notice  of  the  Societ}^*' 
some  years  ago,  before  he  (Mr.  Stirrup)  became  connecte(^ 
with  it.  One  or  two  instances  were  recorded  in  the  Trans — • 
actions.  He  hoped  they  would  be  able,  after  a  microscopic^ 
examination,  to  know  something  more  about  Mr.  Bolton' 

*Thi8  fossil  has  sinco  being  submitted  to  the  inspoction  of  Profossoi 
WiUiamson,  who  identifies  it  as  a  terminal  bunch  of  leaves  of  a  species  o' 
Cordaitet. 
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granite  epecimen.  These  boulders  were  extremely  in- 
terestingy  and  it  was  at  present  impossible  to  say  how  they 
got  into  the  position  in  which  they  were  found.  Various 
suggestions  had  been  thrown  out  to  account  for  them,  but 
none,  as  yet,  was  satisfactory.  One  theory  was  that  during 
the  deposition  of  the  coal  there  was  an  ice  period,  when  the 
boulders  were  transported  from  a  distance,  but  of  this  there 
was  no  satisfactory  evidence.  They  were  evidently,  how- 
ever,  far-travelled  blocks,  but  no  one  yet  has  been  able  to 
say  from  what  parent  rock  they  had  been  derived. 


NEW  ELECTRIC  LAMP  ADAPTED  FOR  MINING 

PURPOSES. 


Mr.  J.  S.  Burrows  exhibited  a  portable  electric  lamp  of 

bilie  Edison   Company's  manufacture,  adapted  for   mining 

E^orposes.     He  said  he  must  apologise  for  not  having  much 

bo   say  with   reference  to  this  lamp,  but  he   thought   it 

desirable,  inasmuch  as  this  was  the  last  meeting   of  the 

Session,  to  bring  it  under  the  notice  of  the  members  at  once, 

blither  than  wait  for  three  or  four  months.    Mr.  Williamson, 

"^he  manager  of  the  Edison   Company,   had  brought   two 

lamps   for   inspection.      He   (Mr.    Burrows)  had  used  the 

larger  of  these  lamps  for  two  or  three  hours  one  day,  and 

"the  same  length  of  time  on  other  days, — sometimes  missing 

a  day — ^and  he  found  that  the  light  was  good  for  twelve  or 

thirteen  hours.     He  believed  if  the  lamp  was  continued  in 

use,  without  intermission,  it  would  last  somewhat  longer. 

The  members  had  an  opportunity  of  judging  of  the  quality 

of  the  light ;  he  could  only  compare  it  to  that  of  the  full 

moon  on  a  frosty  winter's  night.     It  was  as  good  as  any  four 

Marsaut  lamps. 

A  Member  asked  what  was  the  weight  of  the  lamp. 
Mr.  Williamson  replied  that  the  weight  of  one  was  about 
T^lbs.  and  of  the  other  about  51bs. 
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Mr.  Burrows  :  I  have  carried  that  (referring  to  the 
larger  lamp),  or  one  like  it,  into  some  of  the  working  places, 
but  never  found  any  inconvenience  from  the  weight  of  it. 
Ton  can  put  it  in  any  position,  whereas  an  oil  lamp  requires 
to  be  suspended  vertically  at  all  times. 

Mr.  Williamson,  in  reply  to  a  question,  said  the  lamp 
would  last  about  fourteen  hours.  The  lamp  was  furnished 
with  a  switch,  the  object  of  which  was  to  maintain  the  light 
at  a  regular  pitch  all  through.  They  were  having  a  lamp 
made  rather  differently  from  that  now  shown,  in  the  fact 
that  it  would  have  a  concave  instead  of  a  convex  reflector, 
and  a  hemispherical  glass  instead  of  a  flat  one  in  front. 

Mr.  Burrows  :  This  lamp  is  just  the  Edison  Company's 
idea,  they  can,  of  course,  alter  the  arrangements  of  the 
light  in  order  to  suit  anyone's  requirements;  but  the 
shape  of  this  lamp  is  very  convenient.  When  it  is  placed 
at  a  distance  of  six  yards  the  face  is  well  illuminated,  and 
that  I  think,  is  a  safe  distance,  and  one  where  the  lamp  is 
little  liable  to  get  broken. 

A  Member  inquired  how  they  compared  as  to  cost. 

Mr.  Williamson  :  The  cost  is  a  point  on  which  we  are 
hardly  able  to  speak  yet.  The  lamps  we  have  constructed 
up  to  the  present  time  have  cost  us  a  good  deal,  owing  to 
their  being  made  singly,  and  according  to  different  patterns, 
but  as  soon  as  the  pattern  is  settled,  then  we  shall  go  fairly 
into  the  matter  of  cost  and  see  what  they  can  be  supplied 
for  by  the  thousand. 

A  Member  :  What  would  they  cost  daily  P 

Mr.  Williamson:  Very  little  indeed,  the  fan  engine 
of  the  colliery  would  do  very  well  for  driving  the 
dynamo  and  charging  the  accumulators,  or  a  great  number  of 
them  could  be  charged  at  one  time  by  an  engine  of  say  10 
or  12  horse  power. 

In  answer  to  further  questions  Mr.  Williamson  said, 
that  the  cost  of  the  installation  would  probably  not  exceed 
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£120  or  £140.     The  chief  thing  would  be  the  cost  of  the 
lamps. 

Mr.  Burrows:  A  point  I  would  like  to  ask  Mr. 
Williamson  is  this :  One  item  of  expense,  I  take  it,  would 
be  the  renewing  of  the  carbon  filament.  Each  filament 
lasts,  I  understand  about  400  hours  :  that  means  about  6d. 
a  week. 

Mr.  Williamson  :  The  breakage  of  the  filament  means  a 
new  globe. 

Mr.  Burrows:  But  that  could  not  be  much,  it  would 
just  be  about  the  cost  of  an  oil  lamp.  But  would  the 
accumulator  last  any  length  of  time  P 

Mr.  Williamson  :  We  have  n6t  yet  had  sufficient 
experience  of  that,  we  think  they  would. 

Mr.  Badcliffe  :  If  the  lamp  should  be  knocked  against 
a  wall  would  it  not  break  the  filament  P 

Mr.  Williamson  :  I  think  not.  It  is  true  that  a  constant 
Tibration,  as  in  railway  trains,  has  a  tendency  to  break  the 
£lament.  But  I  do  not  think  the  occasional  knocks  a  lamp 
^would  get  in  a  mine  could  have  that  effect. 

Mr.  Burrows  :  One  thing  struck  me  forcibly  in  using  the 
lamp,  that  is,  the  light  is  so  much  superior  that  you  no  more 
'tiliink  of  knocking  yourself,  or  the  lamp  either,  against  the 
ades,  than  you  would  think  of  doing  so  in  walking  about 
tbhe  streets.  We  have  been  long  used  to  walking  through 
tbhe  mine  with  a  dim  lamp,  but  this  one  gives  a  light  like 
bright  moonlight,  and  there  is  a  wonderful  difference  in  the 
^ase  of  walking. 

The  Chairman  asked  if  Mr.  Williamson  could  give  any 
approximate  estimate  of  the  cost  of  the  lamp. 

Mr.  Williamson  :  They  might  ultimately  be  supplied — 
speaking  roughly — at  about  40s.  But  we  could  not  supply 
one  now  at  a  less  cost  than  £3. 

Several  gentlemen  remarked  that  this  would  be  a  serious 
expense  as  compared  with  the  cost  of  the  oil  lamps. 
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In  the  course  of  further  conversation,  Mr.  Burrows  said 
that  one  of  the  chief  difficulties  in  exploring  a  mine  was  that 
in  the  event  of  their  entering  an  atmosphere  charged  with 
gas,  the  men's  lamps  went  out,  and  they  had  to  grope  in  the 
dark.  This  lamp,  however,  would  enable  a  dozen  explorers 
to  penetrate  anjrwhere. 

The  Chairman  enquired  as  to  the  cost  of  renewal  of  the 
carbon  filament. 

Mr.  Williamson  :  The  cost  of  renewing  the  filament 
means  the  cost  of  putting  in  a  new  globe.  They  are  5s.  each 
singly.  In  the  ordinary  way  we  average  their  life  at 
1000  hours  each ;  and  in  these  small  lamps,  with  the  rough 
usage  they  would  get  in  the  pit,  that  figure  is  about  as  much 
as  we  could  reasonably  expect.  As  a  matter  of  fact,  in  oar 
installation  at  the  Theatre  Royal,  we  had  lamps  which  ran 
2000  or  3000  hours.     Those  were  of  sixteen  candle  power. 

The  Chairman  enquired  how  would  that  compare  with 
the  lighting  of  railway  carriages. 

Mr.  Williamson:  I  made  some  experiments  on  the 
London,  Brighton,  and  the  South  Coast  line,  and  at  first  had 
a  difficulty,  but  by  arranging  the  lamps  in  a  holder  which 
was  in  itself  a  spring,  got  them  to  work  quite  well.  In 
the  first  instance  they  were  fixed  rigidly  to  the  compartment, 
and  the  difficulty  was  in  the  filament  creaking. 

Mr.  Burrows  :  Are  not  these  on  a  spring  P 

Mr.  Williamson  :  They  are  on  a  spring,  and  I  think  they 
would  stand  a  great  deal  of  vibration. 

Mr.  Burrows  said  that  to  carry  one  of  these  lamps  was 
quite  a  new  experience  in  pit  work.  Some  of  his  men  were 
80  pleased  with  it  that — of  course,  without  any  idea  of  the 
cost — they  said  they  would  buy  it  for  their  own  use.  For 
his  own  part  he  should  never  again  use  an  oil  lamp  so  long 
as  he  could  have  one  of  these. 

This  concluded  the  business  of  the  meeting. 


TRANSACTIONS 
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rhe    Annual    Meeting    of    the    Members    was    held 
Tuesday,   October  4th,    1887,   at  the   Rooms  of    the 
mchester   Literary   and    Philosophical   Society,   George 
reet, 

Mr.  Joseph  Dickinson,  F.G.S.,  Vice-President, 

in  the  Chair. 


A  letter  was  read  from  the  President,  Professor  W.  Boyd- 
dwkins,  explaining  his  inability  to  attend. 
The  Chairman  then  called  upon  the  Hon.  Secretary,  Mr. 
ARK  Stirrup,  to  read  the  report  of  the  Council  for  the 
«tyear: — 

REPORT  OF  THE  COUNCIL 

For  Session  1886-87. 

Your  Council  have  again  the  pleasure  to  report  that  the 
ciety  continues  in  a  sound  and  prosperous  condition. 
The  number   of   the   members  on   the  register,  though 
BPering  from  the  unavoidable  change  wrought  by  death 
d  removal,  is  increased  by  five. 

Seventeen  new  members  have  been  elected   during  the 
ar,  two  of  whom  have  compounded  for  their  subscriptions, 
d  have  become  life  members",  while  eight  have  resigned. 
The  Council  regret  the  loss  by  death  of  five  members,  one 
whom,  the  Earl  of  Enniskillen,  has  been  connected  with 

15 
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the  Society  as  an  honorary  member  since  its  foundation  in 

1838. 
The  list  now  stands  as  follows  : — 

Honorary  Members 17 

Life  „         9 

Ordinary        „         194 


Total 220 

The  usual  number  of  meetings  has  been  held,  including 
two  in  the  Mining  School,  Wigan,  and  an  extra  Evening 
Meeting  in  the  Museum  Room  of  the  Owens  College,  as  in 
the  two  previous  years. 

The  purpose  of  the  Evening  Meetings  at  the  Owens 
College  has  been  to  bring  the  members  together  in  a  leas 
formal  manner  than  at  the  ordinary  meetings,  and  also  with 
the  further  intention  of  inducing  the  members  to  take  an 
intelligent  advantage  cf  the  contents  of  a  Museum  with 
which  the  Society  is  so  closely  identified. 

The  new  Museum  is  now  being  rapidly  prepared  for  the 
various  collections  which  have  been  so  long  waiting  for  the 
requisite  space  necessary  for  their  installation  and  adequate 
exhibition. 

It  is  hoped  that  during  the  current  Session  the  members 
will  have  the  opportunity  of  meeting  in  the  new  building, 
and  thus  after  several  years  of  anxious  expectation,  they 
will  see  the  conditions  fulfilled  that  accompanied  the  gift  of 
the  Society's  geological  collections  to  the  authorities  of  the 
Owens  College. 

Several  important  papers  have  been  contributed  and  pub- 
lished in  the  "  Transactions"  during  the  past  year,  of  which 
a  list  is  appended. 

Those  on  local  geology  are,  for  the  most  part,  the  result 
of  practical  experience,  and  therefore  merit  careful  attention, 
as  a  record  of  well-ascertained  facts ;  while  those  on  mining 
subjects  testify  to  the  increased  care  and  scientific  super- 
vision that  are  being  exercised  in  the  working  of  the 
collieries  of  the  district. 

Many  improvements  have  been  made  in  the  miner's 
safety  lamp,  of  which   various  types  have  been  recently 
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brought  before  you,  and  the  adaptation  of  the  electric 
light  for  underground  mining  operations,  as  exhibited 
at  the  closing  meeting  of  the  previous  Session,  would 
seem  to  point  to  the  probable  introduction  in  the  near  future 
of  a  portable  electric  lamp  at  a  reasonable  price,  possessing 
the  manifest  advantage  of  a  greater  illuminating  power,  and 
increased  safety  to  the  miner. 

On  two  occasions  during  the  year,  viz.,  on  April  29  and 
May  2,  Mr.  Herbert  Fletcher  gave  facilities  to  the  members 
to  inspect  the  workings  and  appliances  at  Lady  Shore  Col- 
liery, and  many  gladly  made  use  of  the  opportunity  thus 
afforded.  ^ 

On   Saturday  afternoon,   23rd  July,   a   very   successful 

excursion  was  made  to  Dulesgate,  Todmorden,  under  the 

able  leadership  of  Mr.  Robert  Law,  F.G.S.,  in  order  to 

examine  the  Millstone  Grit  and  Lower  Coal  Measure 

xt)ck8,  which  are  well  represented  there. 

Your  Council  have   to   acknowledge   the   kindness   and 

rartesy  of  Sir  Lowthian  Bell  and  the  Council  of  the  North 
»f  England  Institute  of  Mining  and  Mechanical  Engineers 

inviting  the  members,  in  conjunction  with  those  of  other 
imilar  societies,  to  a  reception  in  the  Industrial  Exhibition 
k^uilding  at  Newcastle-upon-Tyne,  on  the  3rd  of  August. 

Several  members  accepted  the  invitation,  and  availed 
-  Hiemselves  also  of  the  opportunity  which  was  offered  of 
^" — isiting  some  of  the  mines  and  manufactories  of  Tyneside, 
ler  the  conductorship  of  the  members  of  the  Institute. 

The   Library   still   continues    to    receive    large    annual 

Iditionsby  exchange,  presentation,  and  purcliase,  for  which 

Iditional  accommodation  will  soon  be  required.     Attention 

been  previously  drawn  to  the  necessity  of  binding  some  of 

ie  serial  publications  which  incommode  the  shelves,  and  for 

is  purpose  a  grant  of  £25  has  been  allotted  by  the  Council, 

►ut  owing  to  the  press  of  other  matters  upon  your  Secre- 

the  requirements  of  the  Library  have  had  to  stand 

^>Ter,  and  the  money  has  not  as  yet  been  called  for. 

Among  donations  to  the  Library  during  the  year  may  be 

Tnentioned   a   parcel   of  books  from   W.  Whitaker,   Esq., 

F.G.8.,  of  the  Geological  Survey,  and  from  the  Coimcil  of 
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the  British  Association  a  copy  of  the  Report  of  the  meetiiig 
last  year  at  Birmingham,  to  which  the  Society  is  entitled  m 
one  of  the  Corresponding  Societies  of  the  Association. 

The  following  purchases  among  others  have  been  made, 
viz. : — 

The  Origin  of  Mountain  Ranges,  by  T.  M.  Reade. 
Exposions  in  Coal  Mines,  by  W.  N.  &  J.  B.  Atkinson. 
The  Yorkshire  Coal  Field  (Geological  Survey  Memoir). 
Catalogue  lUustr^  des  Coquilles  Fossiles,  by  M.  Cossmann. 
The  OflScial  Year  Book  of  Scientific  and  Learned  Societies 

of  Great  Britain  and  Ireland,  1887. 
Lectures  on  Mining,  by  J.  Callon,  3rd  Vol.  and  Atlas. 

The  yearly  Balance  Sheet  furnished  by  our  Honorary 
Treasurer,  Mr.  Ormerod,  shows  a  satisfactory  state  of  the 
finances.  The  total  receipts  from  all  sources  being  £235 
2s.  4d.,  and  the  total  expenditure  £144  Is.  6d.,  leaving 
a  balance  of  £91  Os.  lOd,,  which  with  the  balance  brought 
forward  from  the  previous  year  of  £6  148.  3d.  leaves  a  total 
balance  of  £97  15s.  Id.  in  favour  of  the  Society. 

As  one  of  the  Corresponding  Societies  of  the  British 
Association,  it  has  been  thought  desirable  that  our  Society 
should  take  up  some  definite  work  in  connection  with  one  or 
other  of  the  Committees  that  are  appointed  by  the  Associa- 
tion to  carry  out  scientific  investigations. 

To  this  end  a  few  of  the  members  have  undertaken  to 
collect  information  of  the  presence  and  mode  of  occurrence 
in  their  own  neighbourhoods  of  those  erratic  blocks  or 
boulders  which  are  so  frequent  both  in  the  plains  aijd  on  the 
hill  tops  of  many  parts  of  Lancashire  and  adjoining  counties. 
Any  members  who  are  willing  to  aid  in  this  enquiry  may 
obtain  further  information  from  the  Secretaries,  and  also  one 
of  the  printed  forms  of  queries  to  which  the  Boulder  Com- 
mittee desire  answers. 

Other  enquiries  undertaken  by  British  Association  Com- 
mittees might  probably  be  assisted  by  other  members,  sue 
as  those  relating  to  the  circulation  of  underground  waters  i 
connection  with  the  water  supply  of  towns,  and  the  rate 
increase  of  underground  temperature  in  mines. 
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The  systematic  investigation  of  the  Carboniferous  Flora 
and  Fauna  of  the  district  might  well  be  added  to  the  list, 
and  no  better  occasion  could  offer  itself  for  a  beginning  than 
the  present  one,  after  the  stimulus  of  the  recent  meeting  of 
the  British  Association  in  our  city. 

The  Council  desire  to  remind  the  members  that  next  year 
(1888)  will  be  the  fiftieth  year  of  the  existence  of  the 
Society,  and  it  will  be  for  them  and  the  incoming  Council 
to  consider  in  what  way  the  Society  shall  celebrate  its 
Jubilee. 

In  conclusion,  the  Council  hope  that  the  Society  will 
increase  in  vigour  and  eflSciency,  and  that  each  individual 
member  will  take  a  personal  interest  in  its  work,  and  endea- 
vour to  promote  its  success  and  usefulness,  not  only  by  an 
increase  of  the  number  of  members,  but  by  contributing 
short  communications  or  papers  for  discussion,  so  as  to 
render  the  meetings  as  instructive  and  profitable  as  possible. 


Mr.  Stirrup  read  the    Statement    of    the    Treasurer's 
Accounts : — 

GENERAL  STATEMENT. 


£   8.    d. 
"T)o  Members  as  per 
last  Account, 
Sept.,  1886  . .   195    0    0 

„  New  Members,  13 
of£l,3of  lOs. 
(half-year)  . .     14  10    0 

„  Arrears   28    0    0 


£237  10    0 


£     8.    d. 
By    Amount    received 
year  ending  Sep- 
tember, 1887    . .   182  10    0 

,,    6  Members  discon- 
tinued           8    0    0 

,,    1   Member  written 

o£F  as  bad 4    0    0 

,,    1  Member  elected  an 

Honorary  Member      10    0 

,,  Arrears     42    0    0 

£237  10    0 


I  III 
an.? 


f'=   =  =  =  =  =  =   = 
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e  Treasurer's  Balance  Sheet  as  appended  being  read, 
3  moved,  seconded  and  carried  unanimously  that  the 
t  of  the  Council  and  the  Treasurer's  statement  now 
be  approved  and  adopted. 


FOLLOWING  IS  A  LIST  OF  PAPERS  AND  COMMUNICATIONS 

WHICH   HAYB   BBBN   BROUGHT   BBPORB  THB 

SOCIETY    DURING   THE   SESSION    1886-7. 

ler.        Stimip,  Mark,  F.G.S.    British  Association  Meeting, 

Birmingham.     Delegate's  Report, 
mber.     Dawkins,  W.  B.,  M.A.,  F.G.S.     President's  Address. 

"On  the  Geography  of  Britain  in  the  Carboni- 
ferous Period." 
Watts,   William,   F.G.S.     ''Geological   Sketches  at 

Piethom  and  Denshaw." 
nber.     Woodward,  Herbert  A.      *' Notes  on   Outbursts  of 

Ga3  in  the  Mines  at  the  Clifton,  Kersley,  and 

Newtown  Collieries." 
Burnett,  R.  T.,  F.G.S.     "The  Question  of  the  Pre- 

Atlantic  Land." 

jy.         Stirrup,  Mark,  F.G.S.     **0n  the  Influence  of  the 
Changes  of  Atmospheric  Pressure  in  the  Develop- 
ment of  Fire  Damp." 
Mercier,  M.     **  Dust  in  Mines." 
Hall,  Henry.     *'  A  New  Safety  Lamp." 
lary.      Stirrup,  Mark,  F.G.S.     **  Fall  of  Roof  in  a  Mine  at 
Little  Lever." 
Kinahan,  G.  H.,  M.R.I. A.     **  Extent  of  the  Carboni- 
ferous Sea  as  regards  Ireland." 
Kinahan,  G.  H.,   M.RI.A.     "On  Marsh  (Natural) 

Gas." 
Kendall,  Percy  F.     **  The  Carboniferous  Volcanoes  of 
Great  Britain."     (Given  at  Owens  College.) 
I.  Ward,  Thomas.     **  On  the  Subsidences  in  the  Salt 

,  Districts  of  Cheshire :  their  History  and  Cause." 

HoUing worth,  G.  H.     "On  Hunter  Spencer's  Water- 
tight Cartridge  Cases." 
Duxbury,  William.     *'  The  Argus  Safety  Lamp." 
Stirrup,  Mark,  F.G.S.     "  The  Cambass6des  Lamp." 
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9» 


May. 
June. 


April,  1887.  Thew,  George.     **  A  Gauzeless  Safety  Lamp. 
Dickinson,  Joseph,  F.G.S.     ''Lamp  Testing 

atus." 
Mercier,  M.     **  Dust  in  Mines." 
Stirrup,  Mark,  F.G.S.     "  The  Utilization  of 

or  Natural  Gas." 

Dugdale,  Crispin.  '*0n  the  Lower  Coal  M 
and  Millstone  Grit  Rocks  in  the  Forest  of  1 
dale,  with  Remarks  on  some  of  the  Fossil 
Beds  contained  therein." 

Stirrup,  Mark,  F.G.S.  **0n  a  Granite  Bould 
Fossil  Plant  from  the  Gannister  Coal,  Bacn 

Burrows,  J.  S.  "  New  Electric  Lamp  adapi 
Mining  Purposes." 


NEW  ORDINARY  MEMBERS. 


Boole,  George 
Bramall,  Henry 
Campbell,  W.  M. 
Chandley,  Chas. 
Hall,  Alfred  Daniel 
Hughes,  James 
Jackson,  Andrew 
James,  J.  Stanley 


Law,  Robert,  F.G.S. 
Mc.Kinless,  J. 
Meadows..  Christophe 
Nield,  John 
Scott,  Fred.  W. 
Speak  man,  Henry 
TrafFord,  Sir  H.  F.  dc 
Walkden,  Richard 


Wood,  Guy 


MEMBERS  DECEASED. 


Ennifikillen,  Earl  of 
Jackson,  J. 


Pennington,  Rooke,  I 
Perrin,  J.  B.,  M.R.C 


Turton,   John,   Junr. 


MEMBERS  RESIGNED. 


Bums,  Thos. 
Cunliffe,  James 
Duncan,  Wm.,  M.D. 
Heys,  James 


Hulton,  W.  W.  B. 
Nuttall,  Thos. 
Uttley,  J.  F. 
Yates,  T.  M. 
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ELECTION    OF    OFFICERS. 


The  Hon.  Secretary  said  that  according  to  the  rules  of 
the  Society  it  was  obligatory  that  two  Vice-Presidents,  and 
four  Members  of  the  Council  who  had  attended  the  fewest 
number  of  meetings  should  retire ;  the  names  of  the  gentle- 
men coming  under  the  operation  of  this  rule  being  read,  the 
election  was  proceeded  with,  and  the  following  Officers  and 
Council  were  declared  duly  elected  for  the  ensuing  year : — 

President: 

JOSEPH    DICKINSON,    F.G.S. 

Vice-Presidents: 

R.  T.  BURNETT,  F.G.S. 
GEORGE  PEACE. 
GEORGE  WILD. 
ROBERT  WINSTANLEY. 

Ex'Ofpcio  Vice-Presidents: 


JAMES  HEYWOOD,  F.R.S. 
Q.  W    ORMEROD,  F.G.S. 
ANDREW  KNOWLES. 


G.  C.  GREENWELL,  F.G.S. 
JOHN  KNOWLES,  M.Inst.C.E. 
R.  CLIFFORD  SMITH,  F.G.S. 


Right  Hon.  the  EARL  OF  CRAWFORD  &  BALCARRES 

Sm  U.  K.  SHUTTLEWORTH,  Babt. 

GEORGE  GILROY,  M.In8t.C.E. 

EDWARD  PILKINGTON,  J.P. 

H.  M.  ORMEROD,  F.G.S. 

Propbssor  W.  BOYD  DAWKINS,  M.A.,  F.R.S.,  F.G.S. 

Hon,  Treasurer: 

HENRY  MERE  ORMEROD,  F.G.S. 

Hon,  Secretaries : 

MARK  STIRRUP,  F.G.S.         |    GEO.  H.  HOLLINGWORTH,  F.G.S. 

Other  llf embers  of  the  Council: 

JAMES  ATHERTON.  |  GEO.  HENRY  PEACE. 

W.  S.  BARRETT.  JAMES  RADCLIFFE,  F.G.S. 

HENRY  BRAMALL,  M  I.C.E.  !  JOHN  RIDYARD 

JOHN  S.  BURROWS.  i  JAMES  TONGK.  FO.S. 

HENRY  HALL,  H.M.I.M.  WM.  WATTS,  FGS 

C.  E.  NEWTON,  C.E.  |  H.  A.  WOODWARD. 

Hon.  Auditors: 

ALFRED  PILKINGTON.      |      CLEGG  LIVESEY. 

15a 
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ON   THE  WORK  OF  THE  SOCIETY. 


The  business  of  the  Annual  Meeting  being  concluded, 
Mr.  8TIRRUP  said  :  Some  few  months  ago,  I  received  some 
forms  of  queries  from  the  Rev.  Dr.  Crosskey,  the  Hon.  Sec- 
retary of  the  Boulders*  Committee  of  the  British  Association, 
to  distribute  amongst  those  members  who  might  be  likely  to 
take  an  interest  in  the  matter.  Several  forms  were  given 
out  to  gentlemen  who  promised  to  carry  out  the  wishes  of 
this  Committee,  and  I  believe  some  of  them  have  already 
got  together  information,  which  I  hope  will  be  brought 
before  us  in  the  form  of  conmiunications,  or  papers,  and 
which  will  afterwards  be  forwarded  to  the  Boulders'  Com- 
mittee of  the  British  Association.  In  this  way,  I  think,  it 
may  be  made  both  interesting  to  members  of  this  Society, 
as  well  as  valuable  to  the  Boulders'  Committee,  which  will 
then  condense  all  the  information  that  may  be  furnished,  and 
bring  it  to  a  focus.  With  regard  to  the  other  Committees 
mentioned  in  the  Annual  Report,  dealing  with  the  under- 
ground temperature  of  mines  and  the  circulation  of  under- 
ground waters,  I  think  that  many  of  the  members  might 
assist  in  these  enquiries,  by  gathering  information  which 
would  be  of  interest,  not  only  to  this  Society,  but  also  to  a 
much  larger  circle. 

The  Chairman  :  I  may  mention  that  the  Committee  of 
the  Free  Library  at  Northwich,  are  endeavouring  to  establish 
a  Museum,  and  they  will  be  very  glad  to  receive  donations 
of  fossils  from  the  Lancashire  coal  field.  They  have,  as  yeti 
no  collection  at  all :  therefore,  almost  anything  will  be 
acceptable.  Gentlemen  who  are  engaged  in  mines  where 
fossils  abound  in  the  roofs  and  strata,  will  perhaps  kindly 
bear  this  in  mind. 

Mr.  Stirrup  :  Perhaps  the  matter  might  be  more  formally 
introduced  at  another  meeting.    I  may  mention  also  that  it  s 
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desirable  that  the  geological  collections  at  Owens  College 
should  be  made  as  complete  as  possible.  We  have  now  a 
building  there  which  has  been  the  great  want  of  Manchester 
for  many  years,  it  will  take  some  months,  no  doubt,  to  arrange 
the  existing  collections  therein,  but  I  feel  sure  much  might 
yet  be  done  to  increase  the  number  of  the  representative 
forms  of  the  fauna  and  flora  of  our  local  coal  measures  rocks, 
and  although  we  have  a  collection  which  is  possibly  unequalled 
anywhere  in  the  provinces,  yet,  it  cannot  by  any  means  said 
to  be  complete.  There  are  valuable  fossils  in  the  hands 
of  local  Geologists — fossils  which  are  simply  being  wasted 
where  they  are — and  which  I  think  might,  with  a  little  per- 
suasion, be  obtained  for  the  Museum  at  Owens  College.  I 
hold  that  local  Museums  might  and  ought  to  be  of  the 
highest  value  as  educational  institutions,  especially  to  indus- 
trial communities  like  our  own.  It,  therefore,  rests  with 
the  members  of  a  l^ciety  like  this,  to  aid  in  an  endeavour  to 
make  these  public  collections  as  perfect  and  representative 
4is  possible. 

The  Annual  Meeting  then  terminated. 
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APPENDIX    TO    THE    REPORT. 


PRESENTATIONS  TO  THE  LIBRARY,  1886-87. 


Belfast  Natural  History  and  Philosophical  Society. — ^Report  and 

Proceedings  for  Session  1885-6.     D^om  the  Society, 
Belfast  Natural  History  Society. — Proceedings,  1871-2  to  1873-4. 

PresenUdhy  W.  Whitaker,  F.G.8. 
Cambridge. — 21st  Annual  Report  of  Museums,  &c.,  Syndicate. 

The  Earth  History  of  the   Remote  Past.      Pamphlet,   by 
J.  E.  Marr. 

Notes  on  the  Geology  of  the  Vale  of  Clwyd.     Pamphlet,  by 
T.  Mc.K.  Hughes. 

On  some  Perched  Blocks.     Pamphlet,  by  T.  Mc.K.  Hughes. 

On  the  Geology  of  Anglesey.  Pamphlet,  by  T.  Mc.K.  Hughes. 

Hippopotamus,  from  Barrington.     Leaflet,  by  Philip  Lake. 
From  Professor  Httghes^  Woodwardian  Museum, 
Chester  Society  of  Natural  Science. — 16th  Annual  Report.     From 

the  Society, 
Chesterfield  and  Midland  Counties  Institution   of  Engineers. — 

Transactions.    Part  4,  Vol.  XIII.,  Contents  and  Index  ;  Parts 

3-6,  Vol.  XV.     Sections  of  Coal  Measures,  Part  7,  Vol.  XV. ; 

Part  1,  Vol.  XVI.     From  the  Institution, 
Cornwall. — Transactions  of  the  Royal  Geological  Society  of.     Part 

1,  Vol.  XI.     From  the  Society. 
Cornwall. — Royal  Institution  of.    Journal,  Part  1,  Vol.  IX.    From 

the  Council, 
Cornwall. — Mining  Association  and  Institute  of  Cornwall.     Trans- 
actions.    Part  1,  Vol.  III.     From  the  Council. 
Dublin. — Royal  Dublin  Society. — 

Scientific  Proceedings.     Parts  3-6,  Vol.  V. 

Scientific  Transactions.      Vol.   III.,  Series   2,    Noe.    11-13. 
From  the  Society. 
Dublin. — Irish  Arenaceous  Rocks  and  three  other  Pamphlets,  by 

G.  H.  Einahan.     From  the  Author, 
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Edinbnrgli  Boyal  Physical  Society. — Proceedings,  Session  1885-86. 

From  the  Society. 
Edinburgh  Geological  Society. — Transactions.      Part  2,  Vol.  V. 

From  the  Society, 
Essex  Field  Caub.— Transactions.     Part  2,   Vol.   IV.      From  the 

CM. 
Essex  I^aturalist.     Nos.  1-8.     From  Essex  Field  Club. 
Glasgow  Natural  History  Society. — Proceedings  and  Transactions. 

Part  3,  Vol.  I.     From  the  Society. 
Glasgow. — Geological  Society  of  Glasgow.     Transactions.     Part  1, 

Vol.  VIII.     Catalogue  of  Library,  1886.     From  the  Society. 
Hertfordshire  Natural  History  Society  and  Field  Club. — Transac- 
tions.    Parts  1-6,  Vol.  IV.     From  the  Society. 
Leeds  Philosophical  and  Literary  Society. — Annual  Report,  1886-7. 

F^om  the  Society. 
Leeds  Geological   Association. — Transactions.      Part  2,   1885-86. 

From  the  Association. 
Leeds. — Yorkshire  Naturalists'  Union. — Transactions.     Parts  1-9. 

From  the  Committee. 
Xeicester  Literary  and  Philosophical  Society. — Report  of  Council 

for  1886.     Transactions.      Part   1,   1886;    Parts  2-3,   1887. 

From  the  Society. 
Liverpool  Geological  Society. — Proceedings.     Parts  2-3,  Vol.  V. 

FVom  the  Society. 
Xiverpool    Geological    Association.  —  Transactions.       Vol.    VI., 

1885-86.     From  the  Association. 
iiverpool  Science  Students'  Association. — Annual  Report,  1885-6> 

1886-7.     JFVom  the  Association. 
Xiiverpool. — Base  of  Carboniferous  Limestone  and  another  Pamphlet, 

by  Dr.  Ricketts.     ly-om  the  Author. 
Xiondon  Geological  Society. — Quarterly  Journal.     No.   168,   Vol. 

XLII. ;  No.  170,  Vol.  XLIII.     List  of  Fellows,  November, 

1886.     From  the  Society. 
Xjondon  Geologists'  Association. — Proceedings.    Nos.  6-8,  Vol.  IX. ; 

Nos.  1-2,  Vol.  X.     From  the  Association. 
XiOndon  Geological  Magazine. — ^Nos.  268-280.     Purchased. 
Xiondon. — Institution    of    Mechanical   Engineers.  —  Proceedings. 

Nos.  3-4,  1886;  Nos.  1-2,  1887.     From  the  Institution. 
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London. — Iron  and  Steel  Institute. — JonmaL    No,  2,  1886  ;  No. 

1,  1887.     Drom  ths  Institute, 
London. — ^Palseontographical  Society. — Vol.  XL.,  1886.   Purehoied. 
London. — Royal  Institution  of  Qreat  Britain. — Proceedings.      No. 

80,  Yol.  XI.,  Fart  3.     From  ths  Institution. 
London. — Royal  Society.  —  Proceedings.      Parts    247-2«'»0,    Vol. 

XLI. ;  Parts  251-257,  Vol.  XLII.     IVom  the  Society. 
Manchester  Association  of  Engineers. — Thirty-first  Annual  Report, 

1886.      President's    Address,     Pamphlet,    and    Four    other 

Pamphlets.     From  the  AMoeiation. 
Manchester  Field  Naturalists'*  and  AfchsBologists'  Society. — Report 

and  Proceedings  1886.     From  the  Society. 
Manchester    Microscopical    Society. — ^Transactions    and    Annual 

Report,  1886.     From  the  Society. 
Manchester  Scientific  Students'  Association. — Report  and  Proceed- 
ings, 1885. 
Midland  Institute  of  Engineers. — Transactions.     Parts  83-88,  Vol. 

X. ;  Part  89,  Vol.  XI.     From  the  Council. 
Newcastle-upon-Tyne. — ^North  of  England  Institute  of  Mining  and 

Mechanical  Engineers. — Transactions.     Part  4,  Vol.  XXXV. ; 

Parte  1-3,  Vol.  XXXVI.     From  the  Institute. 
North  Staffordshire  Naturalists*  Field  Cluh. — Annual  Report  and 

Transactions,  1886.     FVom  the  Cluh. 
Scotland. — Mining  Institute   of  Scotland. — Transactions.      Parts 

5-8,  Vol.  VIII.     Parts  1-4,  Vol.  IX.     Glossary  of  Scotch 

Mining  Terms.     From  the  Council. 
South  "Wales  Institute  of  Engineers. — Proceedings.      Nos.  1-3, 

Vol.  XV.     IVom  the  Institute. 
Stirling  Natural  History  and  Archaeological  Society. — Transactions. 

1885-86.     From  the  Society. 
Yorkshire    Geological    and    Polytechnic    Society.  —  Proceedings. 

Part  2,  Vol.  IX.,  N.S.     F^om  the  Society. 
Official  Year  Book  of  Scientific  and  Learned  Societies  of  Great 

Britain  and  Ireland,  1887.     Purchased. 
Elxplosions  in  Coal  Mines.     By  W.  N.  and  J.  B.  Atkinson.     Pur- 
chased. 
Special  Report  on  Explosion  of  Fire  Damp  at  Bedford  Colliery, 

Lancashire.     By  Joseph  Dickinson,  F.G^S.     FVom  the  Author. 


253 

Notes  on  "  Cone  in  Cone  Structure."   Pamphlet  by  W.  8.  Gresley. 

Origin  of  Mountain  Ranges.     By  T.  M.  Eeade.     Purchased, 

Geology  of  Yorkshire  Coal  Field.     Survey  Memoir.     Purchased. 

British  Association  Report.  Birmingham  Meeting,  1886.  Pre- 
sented hy  the  Association, 

Mining  and  Mineral  Statistics  of  United  Kingdom  for  Tear  1886. 
Presented  hy  J.  Dickinsony  F,  G,  S, 

Lectures  on  Mining  at  School  of  Mines,  Paris.  YoL  III.,  and 
Atlas.     By  J.  Callon.     Purchased, 

U.S.A. — Geological  and  Geographical  Survey  of  the  Territories : 
Bulletin,  Nos.  2-6,  Second  Series ;  Bulletin,  Yol  lY.,  Nos. 
1-4;  Bulletin,  Yol.  Y.,  Nos.  2-4.  Catalogue  of  Publications, 
Geological  and  Geographical  Survey.  Sketch  of  Origin  and 
Progress  of  Geological  and  Geographical  Survey.  Proceedings 
of  Academy  of  Natural  Sciences  of  Philadelphia,  Part  3,  1878; 
Parts  1-3,  1879;  Parts  1-3,  1880;  Part  2,  1881.  Six 
Pamphlets  on  Water  Supply,  &c.,  by  W.  Whitaker,  F.G.S. 
One  Pamphlet  on  Bournes,  by  H.  H.  French.  Travels  in  the 
Tarentaise,  by  R.  Bakewell ;  2  Yols.  Geological  Pamphlets, 
by  C.  Prevost ;  1  Yol.     Presented  hy  IV,  Whitaker,  F.G,8. 

Annual  Reports,  from  the  Committees. 

Cambridge  University. — Report  of  Library  Syndicate,  June,  1886. 
l)evon  and  Exeter  Albert  Memorial  Museum. —  17th  Annual  Report 

of  Committee, 
l^verpool  Free  Library  and  Museum. — 34th  Annual  Report, 
^^anchester. — Owens  College.  -Calendar.     1887-8. 
Oxford  University  Museum. — Catalogue,  Radcliffe  Library.     1886. 
S^alford   Museum,    Libraries,    and  Parks. — 38th   Annual   Report. 

1885-6. 

Canada  and  U.S.  America. 

Oanada. — Canadian  Institute,  Toronto. — Proceedings.     Nos.   1-2, 

Yol.  lY.,  3rd  Series.     From  ths  Institute, 
Canada. — Geological  Survey  of  Canada.     Report  of  Progress  for 
1873-74. 

Mesozoic  Fossils.     Yol.  I.     By  J.  F.  Whiteaves,  F.G.S. 
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PalsBozoic  Fossils.     Vol.  II.,  Part  1.     By  E.  BiUings. 

„  „         Vol.  III.,  Part  1.   By  J.  F.  Whiteayes. 

Map  and  Sections  to  accompany  Annual  Report,  1885. 

Drom  A.  a.  C,  Selwyn,  F,It,S.,  Director  of  the  Survey, 

Canada,  Royal  Society  of. — Transactions.  On  the  Fossil  Plants  of 
the  Laramie  Formation.  By  Sir  J.  "W.  Dawson.  FSrom  the 
Author, 

Canada. — Hamilton  Association. — Journal  and  Proceedings.  Part  2, 
Vol.  I.,  1884-5  ;  Vol.  II.,  1885-6.     From  the  Aeeoeiatum, 

Catalogue  of  Collection  of  Economic  Minerals  of  Canada,  Colonial 
and  Indian  Exhibition.     1 886. 

Canada. — Geological  and  Natural  History  Survey  of  Canada. — 
Annual  Report,  Vol.  I.,  1885. 
Maps  to  accompany  Annual  Report,  1885. 
From  Dr.  A,  R,  C,  Selwyn. 

U.S.A.,  Cambridge. — Harvard  College.— Annual  Report  of  the 
Curator  of  the  Museum  of  Comparative  Zoology.  1885-6. 
Bulletin  of  the  Museum  of  Comparative  Zoology.  No.  6,  Vol. 
XII.  Report  on  Mollusca,  Nos.  1-4,  Vol.  XIII.  Reports 
on  Results  of  Dredging.  From  Alexander  Agas8i%. 

U.S.A.,  Columbus,  Ohio. — Preliminary  Report  upon  Petroleum 
and  Inflammable  Gas,  with  Supplement.  By  Edward 
Orton,* State  Geologist.     From  the  Author. 

U.S.A.,  Minnesota:  The  Geological  and  Natural  History  Survey  of ; 
13th  and  14th  Annual  Reports,  1884-5.  From  N,  H, 
Winchell. 

U.S.A.,  New  York. — American  Museum  of  Natural  History. 
Bulletin  No.  7,  Vol.  I.  No.  1,  Vol.  II.,  Annual  Report  of 
the  Trustees,  1886-7.  Index  to  Vol.  I.,  1881-86.  From  the 
Trustees. 

U.S.A.,  New  York. — American  Institute  of  Mining  Engineers. — 
Transactions,  Vol.  XV.     From  the  Institute. 

U.S.A.,  Pennsylvania,  Geological  Survey  of. — Annual  Report,  1885. 
Atlas  to  accompany  the  above.  From  J.  P.  Lesley^  State 
Qeologiet. 
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U.S.A.,  Philadelphia. — Academy  of  Natural  Sciences.  Proceedings. 

Parte  2-3,  1886.     Part  1,  1887.     From  the  Academy. 
XI.8.A.,  Philadelphia. — Journal  of  Franklin  Institute.     Nos.  730- 

741,  Vol.  CXXIII.     IVom  the  Institute. 
TI.8.A.,  St.   Louis. — Natural  Gas  in  United  States.     Geological 
Kelations    of   Nanticoke    Disaster. — Pamphlets    by    C.    A. 
Ashbumer,    C.E.      From    Second    Geological    Survey y    Penn- 
iylvania. 
U.S.A.,  Washington. — Smithsonian  Institution. — Annual  Report, 

Part  1,  1885.     From  the  Board  of  Regents. 
U.SA.,  Washington. — United  States  Geological  Survey. 
Geological  History  of  Lake  Lahontan,  by  J.  C.  Russell. 
Monograph :  Vol.  X.,  Dinocerata,  by  0.  C.  Marsh. 
Bulletin.     Nos.  27-39.     Index,  BuUetin,  Vol.  IV. 
Mineral  Resources  of  United  States,  1885.     From  the  Director 
of  the  Survey,  J,  W.  Powell. 
U.S.A.,  Washington. — Report  upon  Third  International  Congress 
and  Exhibition  at  Venice.     FVom   Chief  of  Engineers,  U.S. 
Army. 

Australasia. 
•'"■'^Iboume. — Transactions    of   Geological    Society  of  Australasia. 
Part    1,    Vol.   I.     List  of  Members  of  Geological  Society, 
1886-7.     FVom  the  Society. 
^^  South  Wales. — Annual  Report  of  Department  of  Mines  for 
1885. 
^^^  Zealand.— Report  of  the  Mining  Industry  of.     1886.     From 

the  Government. 
Sydney,  N.S.W. — Report   of  Trustees   of  Free  Public  Library, 

1885-6. 
^^dney. — Royal  Society  of  New  South  Wales.     Journal  and  Pro- 
ceedings.    1885,  Vol.  XIX.     From  the  Society. 
^  ^ctoria. — Geology   and   Physical   Geography  of.     By  R.   A.  Y. 
Murray, 
^ctoria. — Gold  Fields  of.     Reports  of  Mining  Registrars.     June, 

1886,  to  March,  1887.     From  the  Government 
ictoria. — Mineral  Statistics  for  1885.     From  the  Government. 
ictoria. — Report  of  Trustees  of  the  Public  Library,  Museum,  &c., 
for  1885. 


256 

Foreign. 

Berlin. — Zeitscbrift  der  Deutschen  G^ologischen  Gesellschaft.  Heft 

3-4,   Band  XXXVLU.      Band   XXXIX.,    Heft   1,    1887. 

Frwn  the  Society, 
Brussels. — Soci^te  Royalo  Malacologiquc  de  Belgique.     Annales. 

Vol.   XXI.      Proems- Verbaux,   August  to  December,    1886f 

January  to  June,  1887,  Tome  XVI.     From  the  Society. 
Buenos  Ayres. — Estadistica  del  Comercio  y  de  la  Navegacion  de  la 

Bepublica  Argentina.     1885  and  1886.     Frocedimientos  del 

Departamento  Nacional  de  Estadistica,  1886.     Arrendamiento 

de  las  Obras  de   Salubridad  dc  la  Capital.     Discurso  par  E. 

Wilde.     From  the  Oovemment. 
Dresden. — Sitzungsbericbte  der  Naturwisscnscbaftlicben    Qesell- 

scbaft  Isis  in   Dresden.     July  to  December,  1886,  January  to 

June,  1887.     From  the  Society. 
Halle,  a/S. — Vereins  fur  Erdkunde.     Mittbeilungen,  1886.     From 

the  Society. 
Halle. — Leopoldina ;  Vol.  XXI.    Leop.  Carol.  Deutscben  Akademie 

der  Naturforschcr,  Band  XLVIII.,  No.  3.  From  the  Academy. 
Lausanne :  Bulletin  de  la  Societe  Vaudoisc  des  Sciences  Naturellcs. 

Nos.  94-95,  Vol.  XXII.     From  the  Society. 
Liege.— Sur  le  Tufeau  de  Ciply      Pampblct,  by  A.  Rutot  and  E. 

Van  den  Broeck.     From  the  Authors. 

Lille. — Soci6te   Geologique   du    Nord.     Annales   XIII.,    1885-6. 

From  the  Society. 
Paris. — Revue  de  le  Legislation  des  Mines.    Monthly.     Purchased, 

Paris. — Catalogue  Ulustre  des  Coquilles  Fossiles  des  En\'irons  de 
Paris,     by  M.  Cossman.     Parts  1-2.     Purchased, 

Pisa. — Atti  della  Societk  Toscana  di  Scienze  Naturali.  Memorie. 
Ease.  1,  Vol.  VIII.,  Proccssi  Vcrbali,  July,  1886,  to  July, 
1887.     From  the  Society. 

Roma. — Atti  della  Realc  Accademia  dci  Lincei.  Memorie.  Vol.1., 
1884-85.  Rondicouti.  Ease.  5-12,  Vol.  II.;  Ease.  1-13, 
Vol.  III.,  IstSemestre;  Ease.  1-3,  Vol.  III,.  2nd  Semestre. 
From  the  Academy. 

St.  Petersbourg. — Academie  Imperiale  des  Sciences.  Bulletin. 
Part  4,  Tome  XXX. ;  Parts  2-3,  Tome  XXXI.     Momoires. 
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Tome  XXXIV.,  Parte  4-18,  No.  1,  Tome  XXXV.    Ihm  thg^ 

;.    Petersbourg.  —  Institat    des.  Mines.      Comit6  (}6ologique. 
M^moires : 
Vol.  ni..  No.  2.    Vol.  IV.,  No.  1. 
Bulletins:  Nos.  7-11,  1886;  Nos.  1-7,  1887,  Vol.  VI. 
Supplement  au  Tome  VI.,  Biblioth6qae06ologique  de  la  Rossic. 
Carte  G^logique  G6nerale  de  la  Eussio  d' Europe,  Feuille  139. 
FVrnn  the  Institute  of  Mines, 
Itettin. — ^Vereins  fiir  Erdkunde.     Jahresbericht,  1886.     Erom  the 
Soeiety. 


BOOKS   PURCHASED,    1886-7. 
^ological  Magazine. 

'Vue  de  la  Legislation  des  Mines.    Paris. 
Isontographical  Society's  Monograph.     Vol.  XL.     1886. 
le  Origin  of  Mountain  Ranges.     By  T.  M.  Readc. 
plosions  in  Coal  Mines.     By  Atkinson. 
Le  Yorkshire  Coal  Field  (Geol.  Survey  Memoir), 
t^ogue  niustr^  des  Coquilles  Eossiles.   By  M.  Cossmann.   Parts 

1  and  2. 
Kdal  Year  Book  of  Scientific  and  Learned  Societies  of  Great 

Britain  and  Ireland,  1887. 
KJtures  on  Mining.     By  J.  Callon.     3rd  Vol.  and  Atlas. 


►curriEs  WITH  whom  the  Society  Exchanges  its  Transactions, 
-AID  Institutions  and  Journals  to  whom  a  Copt  is  sent  Free. 

I. — England. 

^ffdon    British  Museum. 

Geological  Society,  Burlington  House. 
Geological  Survey,  Jermyn  Street,  S."W. 
Geologists'  Association. 
Institute    of    Mechanical    Engineers,    Victoria 

Street,  S.W. 
Iron  and  Steel  Institute,  Victoria  Mansions,  S.W. 
Royal  Institution. 
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London    Bojal  Society,  Burlington  House. 

Manchester The  Manchester  Association  of  Engineers,  18, 

Hullard  Street,  Old  Trafford. 

Field  Naturalists'  Society,  16,  Kennedy  Street 

Free  Library,  Sling  Street. 

Literary  and  Philosophical  Society. 

Owens  College. 

Salford  Royal  Museum  and  Library. 

Scientific    Students'    Association,    36,    (}eorge 
Street. 

Bamtley Midland  Institute  of  Mining  Engineers. 

Birmingham    . . .  .Free  Library  and  Museum. 

South  StafFordshire  and  East  Worcestershire 
Institute  of  Mining  Engineers,  Burlington 
Chambers,  New  Street. 

Bristol    Naturalists'  Society. 

Cambridge Geological  Museum,  University. 

University  Library. 

Chester    Society  of  Natural  Science. 

Chesterfield Institute  of  Mining  Engineers  (in  bound  vols.) 

Cornwall Royal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 

C     h  (  •  •  •  •  Mining  Association  and  Institute  of  Cornwall. 

Essex Essex  Field  Club,  8,  Knighton  Villas,  Buckhurst 

Hill,  Essex. 

Exeter Albert  Memorial  Museum. 

Halifax Geological  and  Polytechnic  Society  of  Yorkshire. 

Leeds Philosophical  and  Literary  Society. 

Yorkshire  Naturalists'  Union  (W.  D.  Roebuck, 
Esq.,  Sunny  Bank). 
Leicester  ........  Literary  and  Philosophical  Society. 

Liverpool Free  Library  and  Museum. 

Geological  Association,  Free  Library,  William 

Brown  Street. 
Geological  Society. 
NewcastU-on-TyneJu^iiMte  of  Miting  and  Mechanical  Engineers. 

Norwich Geological  Society,  Museum. 
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Oxford Bodleian  Library. 

RadclifPe  Library. 

North  Shields Public  Free  Library. 

iStoitf-OM-TVMi^...  .North   Staffordshire   Institute    of    Mining  and 

Mechanical  Engineers. 

Swansea South  Wales  Listitute  of  Mining  and  Mechanical 

Engineers. 

Warunek Natural  History  Society. 

Watford,  Herts.,  .Natural  History  Society  and  Field  Club. 
Wigan Free  Library. 

Mining  School. 

II. — Scotland. 

Dundee  Free  Library  and  Museum. 

Mdinhurgh Advocates'  Library. 

Geological  Society. 

Royal  Society. 

Royal  Physical  Society. 

Glasgow Geological  Society. 

Natural  History  Society. 
Hamilton Mining  Institute  of  Scotland. 

III. — Ireland. 

^Juhlin Royal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 

Trinity  College  Library. 
Belfast Natural  History  Society,  The  Museum. 

IV. — Australia.. 

9!^elhatime   Geological     Society    of    Australasia     (Phoenix 

Chambers,  Market  Street). 

Public  Library  of  Victoria. 
^Sydney    Free  Public  Library. 

Royal  Society  of  New  South  Wales. 
-Newcastle    John  Mackenzie,  F.G.S. 

V. — Canada. 

Bdtnilton Hamilton  Association. 

Montreal Geological  Survey  of  Canada  (A.  R.  C.  Selwyn, 

F.G.S.,  Director). 
M'GiU  College  (Principal,  J.  W.  Dawson,  F.G.S.) 
Toronto Canadian  Institute. 
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VI. — TJntekd  States. 

Boston,  U.S Free  Library. 

Columhtu,  U.S.  .  .Ohio,  Geological  Survey  of  (ProfeBsor  Edwazd 

Oiton,  State  Geologist. 
Indiana,  U.S Department  of  Geology  and    Natural  History 

(John  Collett,  State  Geologist). 
IndianopoliSf  ZTIS-.E.  T.  Cox,  State  Geologist. 
Newhavm,  U.S. .  .Professor  0.  C.  Marsh,  F.G.S. 
New  York,  U.S,.,  American  Institute  of  Mining  Engineers  (B.  W. 

Raymond,  Box  223,  New  York  City). 
New  York American  Museum  of  Natural  History,  Central 

Park. 
Philadelphia,  U.  5.  Academy  of  Natural  Sciences. 

Franklin  Institution. 
Washington,  271  iS.. Department  of  the   Interior.     U.S.  Geological 

Survey. 
Smithsonian  Institution. 
Wyoming,  U.S.,,  .Historical  and  Geological  Society. 

VII. — Foreign  Socistiss. 

Berlin Deutsche  Geologische  Gesellschafb. 

Brussels Soci^te  Royalc  Malacologique  de  Belgique. 

Buenos  Ayres, . .  .Officiana  Nacional  de  Commercie. 

Calcutta Geological  Survey  of  India. 

Christiania Royal  University  of  Norway. 

Dresden   Naturwissenschaftliche  Gessellschaft  Isis. 

Halle,  A.S Verein  fur  Erdkunde. 

Die  Kaiserliche  Leopold.    Carol.   Deutsche  Aka- 
demie  dor  Naturforscher. 
Lausanne  (5ttww)..Soci6tie  Vaudoise  des  Scienes  Naturelles. 

LiUe    Societ6  G^logique  du  Nord. 

Pisa    Societk  Toscana  di  Scienze  Natural!,  Museo  di 

Storia-Naturalc. 
Rio  de  Janeiro    . .  Mueeo  Nacional. 

Rome   Reale  Accademia  dei  Lincei. 

St.  Petersburg ....  Academic  Imperiale  des  Sciences. 

Institut  des  Mines.     Comit^  G6ologique. 
Turin Academic  Royale. 

VIII. — Scientific  Joubkals,  &c. 
Oeological  Record y   Mining  Journal,    Colliery   Guardian,    Iron  and 
Coal  Trades  Review,  Revue  de  la  Legislation  des  Mines,  Paris. 
(M.  Delecroix,  7,  Place  du  Concert  ^  Lille.) 
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PAST  PRESIDENTS  OF  THE  SOCIETY. 


of  Election. 
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Egerton,  The  Rt.  Hon.  Francis,  M.P. 

Heywood,  James,  F.R.S.,  F.G.S. 

EgertoD,  Sir  Philip  dc  Malpas  Grey-,  Bart,  M.P. 

Mosley,  Sir  Oswald,  Bart. 

Thicknesse,  Ralph,  M.P.,  Wigan. 

Black,  James,  M.D.,  F.G.S. 

Ormerod,  G.  W.,  M.A.,  F.G.S. 

Binney,  E.W.,  F.R.S.,  F.G.S. 

Kay-Shuttleworth,  Sir  J.  P.,  Bart,  M.P. 

Dickinson,  Joseph,  F.G.S. 

Knowles,  Andrew. 

Green  well,  G.  C,  F.G.S. 

Aitken,  John,  F.G.S. 

Knowles,  John,  M.Inst.C.E. 

Knowles,  Thomas,  M.P. 

Dawkins,  Professor  W.  Boyd,  F.R.S.,  F.G.S. 

Smith,  R.  CUfford,  F.G.S. 

Forbes,  John  Edward,  F.G.S. 

Lindsay,  Lord,  F.R.S. 

Kay-Shuttleworth,  Sir  Ughtred  J.,  Bart. 

GUroy,  George,  M.Inst.C.E. 

Pilkington,  Edward,  J.P. 

Ormerod,  Henry  Mere,  F.G.S. 
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Tho  Names  of  Honorary  Members  are  printed  in  Italics. 
*  Members  who  have  compounded  for  the  Annual  Subscription. 


Year  of 
Election. 


1877 
1874 
1884 
1884 
1879 
1877 
1878 
1877 
1878 
1878 

1881 

1866 
1885 
1875 

1880 

1877 
1885 
1881 

1867 
1880 
1887 
1878 


Adamson,  Daniel,  F.G.S.,  The  Towers,  Didsbury. 
AgassiZy  Alexander^  Cambridge,  Massachusetts,  U.S.A. 
Ainsworth,  John,  Colliery  Offices,  "Walkdcn,  Bolton. 
Aldred,  James,  W^ithins  Lane  Colliery,  Radcliffe. 
Arrandale,  John  Thomas,  Bradford  Colliery,  Manchester^ 
Arthur,  David,  Rishton  Colliery,  Blackburn. 
Ashworth,  Thomas,  28,  Deansgate,  Manchester. 
Athcrton,  James,  16,  Acresficld,  Bolton.  Member  of  Coun^ 
Atkinson,  Samuel  C,  Stand  Lane  Colliery,  Radcliffe. 
Atkinson,  W.  N.,  H.M.  Inspector  of  Mine?,  ShincUffe  Ha 

Durham. 
Aubrey,  Richard  Charles,  Standish,  near  Wigan. 

Bamford,  J.  B.,  Mining  Engineer,  Rochdale. 

Barker,  Israel,  319,  Whit  Lane,  Pendleton. 

Barrett,  W.  S.,  New  Hall,  41,  Old  Hall  Street,  Liverpo* 

Member  of  CounciL 
Barton,  Richard,  jun.,  "Westleigh  Lodge,  Leigh,  near  Ma 

Chester. 
Beswick,  James,  Shakerley  Collieries,  Tyldeslcy. 
Bickerton,  Charles  W.,  Hazel  Grove,  near  Stockport. 
Black,  W.  G.,  F.R.C.S.Ed.,  F.G.S.Ed.,  2,  George's  Squa 

Edinburgh. 
Bolton,  H.  H.,  Newchurch,  near  Manchester. 
Bolton,  H.  H.,  jun.,  Baxenden,  Accrington. 
Boole,  George,  Rainford  Colliery,  near  St.  Helens. 
Bradford,  The  Right  Hon.  the  Earl  of,  Weston  Park,  m 

Shifnal. 
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Twrof 
Sfection. 


1886 

1878 
1877 
1877 
1861 
1880 

1859 
1881 
2882 

1875 
1878 


1882 
1884 
1887 
1887 
1881 
1882 
1886 
1882 
1878 
1859 

1878 
1883 
1879 

1862 
1869 

1877 


Bramall,  Henry,  M.Inst.C.E.,  Pendlebury  Colliery,  Man- 
chester.    Member  of  Council. 

Brocklehurst,  Thomas,  Dean,  Bolton. 

Broeck^  Emtst  Van  den,  124,  Rue  Terre  Neuve,  Brussels. 

Brongntart  Charles f  F.E.S.,  8,  Rue  Guy-de-la-Brosse,  Paris. 

Brooks,  Thomas,  Crawshaw  Hall,  llawtcnstall. 

Brown,  Wm.  Speakman,  Summerby,  106,  Eccles  Old  Road, 
Eccles. 

Bryham,  William,  J.P.,  Ince  Hall,  Wigan. 

Bryham,  William,  jun.,  Douglas  Bank  Colliery,  Wigan. 

Burnett,  R.  T.,  F.G.S.,  34,  Belmont  Street,  Southport. 
Vice-President . 

Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 

Burrows,  John  S.,  Yew  Tree  House,  Atherton,  near  Man- 
chester.    Member  of  Council. 

Caldwell,  George,  Moss  Hall  Collieries,  Wigan. 

Campbell,  H.  H.,  Surveyor,  Hardshaw  Street,  St.  Helens. 

Campbell,  W.  M.,  Sutton  Heath  Collieries,  St.  Helens. 

Chandley,  Charles,  Latchford,  Warrington. 

Clark,  Christopher  F.,  Park  Lane  Collieries,  Wigan. 

Clark,  George,  Mining  Engineer,  Newton-le-Willows. 

Clifford,  William,  Norton  Woodseats,  Sheffield. 

Cookson,  Charles,  King  Street,  Wigan. 

Cooke,  Charles,  Twycross,  Atherstone,  Leicestershire. 

♦Coulthart,  John  Ross,  F.R.S.,  Lit.,  F.S.A.,  Scot.,  Greenlaw 

Park,  Castle  Douglas,  Kirkcudbrightshire,  K.B. 
Cowbum,  Henry,  West  Leigh,  near  Manchester. 
Crankshaw,  Joseph,  Montcliffe  Colliery,  Horwich. 
Crawford  and  Balcarres,   The  Right  Hon.   the  Earl   of, 

Haigh  Hall,  Wigan.     Past- President. 
Cross,  John,  77,  King  Street,  Manchester. 
Dawkins,  Professor  W.  Boyd,  M.A.,  F.R.S.,  F.G.S.,  F.S.A., 

The  Owens  College,  Manchester.     Past- President. 
De  Ranee,  C.  E.y  F.G.S.,JGeological  Survey,  Jermyn  Street, 

London,  S.W. 


264 


Year  of 
Election. 


1862 
1882 
1856 

1879 
1885 

1877 
1852 

1884 
1878 
1838 
1865 

1880 
1863 
1873 
1875 
1868 

1873 
1884 
1874 

1856 

1882 
1878 
1882 
1882 
1863 
1874 
1879 

1879 


♦Derby,  The  Right  Hon.  the  Earl  of,  Knowsley,  Liverpool 
Devonport,  John,  Chamber  Collieries,  Oldham. 
Dickinson,  Joseph,  F.G.8.,  H.M.  Inspector  of  Mines,  Sonik 

Bank,  Pendleton.     President. 
Drinnan,  Richard,  Outwood  Colliery,  near  Manchester. 
Dugdale,  Crispin,  5,  North  Road,  Cloughfold,  Rossendale. 

Edmondson,  Thomas,  Cliviger  Collieries,  near  Bnmley. 
Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Old  Hall, 

Manchester. 
Elce,  George,  Altham  Colliery,  Whalley  Road,  Accringto:^ 
EUesmere,  The  Right  Hon.  the  Earl  of,  Worsley. 
Embleton,  T.  W.,  The  Cedars,  Methley,  Leeds. 
Evans,  Walter,  Longsight,  Oldham. 

Fairclough,  William,  Leigh,  near  Manchester. 

Farrar,  James,  12,  Market  Street,  Bury. 

Fletcher,  Herbert,  The  Hollins,  Bolton. 

Fletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Manch^te-^ 

Fletcher,  Thomas,  Haulgh,  Bolton. 

Garforth,  W.  E.,  Colliery  Offices,  Normanton. 

Garside,  Sampson,  Denton  and  Houghton  Collieries,  DentoiC 

Geikiey  Archibald^  LL.D.,  F.R.S.,  Geological  Survey,  Jermyr 

Street,  London,  S.W. 
Gilroy  George,  M.Inst.C.E.,  Woodlands,  Parbold,  Wigaoi 

Past-President. 
Glover,  B.  B.,  Haydock,  near  St.  Helens. 
Greener,  W.  J.,  Pemberton  Colliery,  Wigan. 
Greenhalgh,  Robert,  Engineer,  Atherton,  near  Manchester 
Greslcy,W.,Stukeley,  F.G.S.,  Overseal,  Ashby-de-la-Zouctf 
Greenwell,  G.  C,  F.G.S.,  Duffield,  Derby.     Past-Presiden.^ 
Greenwell,  G.  C,  jun.,  F.G.S.,  Poynton,  near  Stockport. 
Greenwood,  John,  jun.,  Ashton  Moss  Colliery,  Audensha^ 

Manchester. 
Gregson,  Edward,  11,  Chapel  Street,  Preston. 


265 


1883 
1880 

1877 
1879 


1887 

1883 
1881 

1877 
1861 
1864 
1880 
1874 

1877 
1882 
1878 

1875 
1883 
1838 

1862 
1876 
1881 
1885 
1878 
1877 
1878 

1884 
1878 


Oreensmitb,  T.,  Moston  Colliery,  Failsworth,  Manchester. 
Grimke,   Theodore    Drayton,   (jk>lbome  Hall,    Newton-le- 

Willows. 
Grundy,  H.  T.,  Colliery  Surveyor,  RadclifPe. 
Gut'bai,    Theophile^   Professeur  d'Exploitation    des  Mines. 

Mons,  Belgium. 

Hall,  Alfred  Daniel,  Hulme  Grammar  School,  Alexandra 

Park. 
Hall,  Jonathan,  Clifton  Hall  Colliery,  Clifton,  Manchester. 
Hall,  Henry,  H.M.  Inspector  of  Mines,  Eainhill,  Prescott. 

Membir  of  CounciL 
Handsley,  Robert,  Burnley  Colliery  Offices,  Burnley. 
Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan. 
Hardwick,  C,  72,  Talbot  Street,  Moss  Side,  Manchester. 
Hargreaves,  John,  CoUyhurst  Paper  Mills,  Manchester. 
HawkshaWf  Sir  Jfohriy  Knight,  F.R.S.,  33,  Great  George 

Street,  Westminster,  S.W. 
Hayden^  F,  V.,  State  Geologist,  "Washington,  U.S.  A 
Heathcote,  William,  Famworth,  near  Bolton. 
Hedley,  John  L.,  H.M.  Inspector  of  Mines,  Flookersbrook, 

Chester. 
Hetherington,  Joseph,  22,  Booth  Street,  Manchester. 
Hewitt,  John  R.,  Mining  Engineer,  Derby. 
♦Heywood,  James,  F.R.S.,  F.G.S.,  26,  Kensington  Palace 

Gardens,  London,  W.     Past-President, 
Hey  wood,  Oliver,  Claremont,  Pendleton. 
Higson,  John,  F.G.S.,  18,  Booth  Street,  Manchester. 
Hilton,  James,  Wigan  Coal  and  Iron  Company,  Wigan. 
Hindley,  C.E.,  Clifton  Road,  Eccles. 
Holden,  Charles  H.,  Mawdsley  Street,  Bolton. 
Holding,  William,  Crossall  Colliery,  near  Nottingham. 
Hollingworth,    George    H.,    F.G.S.,    12,    King     Street,. 

Manchester.     Hon,  Secretary, 
Howatt,  Andrew,  25,  Mill  Street,  Ancoats,  Manchester. 
Howell,  John,  Astley,  near  Manchester. 
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Year  of 
Blectlon. 


1887 

1884 
1874 


Hughes,  James,   AsUey  and  Tyldesley  Coal  and  Salt  Co., 

Limited,  Tyldesley. 
Hughes,  Owen,  Limehurst,  Ashton-under-Lyne. 
Hull,  Professor  Edward,  M.A.,  F.R.S.,  5,  Raglan  Road, 

Dublin. 


1 887  Jackson,  Andrew,  Manager,  Collins  Green  and  Bold  Collieries 
Newton-le-Willows. 

1878  Jackson,  Charles  G.,  Chamber  Colliery  Offices,  KoUinwooC 

Manchester. 

1880  Jackson,  William,  75.  Broadway  Street,  Oldham. 

1887  James,  J.  Stanley,  Surveyor,  Atherton  Collieries. 

1883  Jobling,  Albert,  Spring  Wood  House,  Burnley. 

1883  Jobling,  Henry,  Spring  Wood  House,  Burnley. 

1884  Jobling,  John,  Barcroft,  Cliviger,  Burnley. 

1879  Johnson,  Isaiah,  New  Colliery,  Westhoughton,  Bolton. 
1884  Johnson,  M.  G.,  Rainhill,  Prescott. 

1882  Johnson,  William,  Abram  Colliery,  Wigan. 

1844  *Joule,  J.  P.,  LL.D.,  F.R.S.,  12,  Wardle  Road,  Sale. 

]  885     Kearsley,  William,  115,  Manchester  Road,  Tyldesley. 

1882     Kenney,  George,  11,  King  Street,  Wigan. 

1879     Kinahan^    G.  H,,   M.R.I. A.,    Hamilton,    S.O.,    Donega 

Ireland. 
1856     Knowles,  Andrew,  Swinton  Hall,  Swinton,  near  Mancheste 

Past-  President, 
1859     Knowles,  John,  M.Inst.C.E.,  J. P.,  Westwood,  Pendlebur 

Past'  President. 
1882     Knowles,  Israel,  Ince,  Wigan. 

1877     Knowles,  Lees,  M.A.,  LL.M.,  M.P.,  Westwood,  Pendlebua 
1886     Knowles,  Robert,  Amcliffe,  Cheetham  Hill. 

1886     Law,  Robert,  F.G.S.,   11,   Cromwell  Terrace,  West  H 

Park,  Halifax. 
1884     Leech,  A.  H.,  Brinsop  Hall  Colliery,  Wigan. 
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Tew  of 
Bleciion. 


1862 
1877 

1877 
1879 

1884 


1884 
1881 
1887 
1873 

1883 
1885 

1887 

1876 

1874 

1878 
1885 

1878 
1886 

1838 
1838 
1874 


Livesey,    Cle gg,    Bradford    Colliery,    Manchester.     Hon, 

Auditor. 
Liyesey,  Thomas,  Bradford  Colliery,  Manchester. 
Lord,  James,  Hill  House,  B^chdale. 
Lupton,  Arnold,  F.G.S.,  M.Inst.C.E.,  6,  Do  Grey  Road, 

XiCecis. 
Lyon,   Edward,   Ashton's    Green    Collieries,    St.    Helens, 

Lancashire. 

McAdoo,  John,  Colliery  Manager,  Hagside,  RadclifPc. 
McAlpine,  G.  W.,  Whinney  Hill  Colliery,  Accrington. 
McEinless,  J.,  1,  Gore  Street,  Greenheys,  Manchester. 
Martin  Joseph  6'.,  F.G.S.,  H.M.  Inspector  of  Mines,  Durd- 

ham  Park,  Clifton,  Bristol. 
Mather,  William  Penn,  Iron  Works,  Salford. 
Mawson,  Robert  Bryham,  Sovereign  Colliery,  Westleigh, 

Leigh,  near  Manchester. 
Meadows,  Christopher,  Ellerbeck  Collieries,  Limited,  near 

Adlington,  Lancashire. 
Moore,  Alfred,  C.E.,  Queen's  Chambers,  No.  2,  Ridgefield, 

Manchester. 
Morton^  G,  H.^  F.G.S.,  209,  Edge  Lane,  Liverpool. 

Nail,  Simon,  Newbold,  Rochdale. 

Newton,  Charles  Edward,  C.E.,  Sale  Bank  Cottage,  Sale. 

Mtmher  of  Council, 
Nelson,  William,  Abram  Colliery,  Bickershaw,  near  Wigan. 
Nield  John,  Longshut  Lane,  Stockport. 

Ormerod,  G.  W,,  M.A.,  F.G.S.,  Woodway,  Teignmouth. 
Past-President. 

Ormcrod,  H.  M.,  F.G.S.,  5,  Clarence  Street,  Manchester, 
Hon.  Treasurer  and  Past-President. 

Owen,  Sir  Richard y  D.C.L.,  F.R.S.,  Sheen  Lodge,  Rich- 
mond Park,  London,  S.W. 
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Year  of 
Blection. 


1880 
1876 
1883 

1877 
1881 
1877 
1884 
1873 

1879 

1873 

1877 
1851 
1887 


1867 

1874 

1860 
1882 
1877 
1884 
1884 


Parr,  Thomas,  Westleigh,  Leigh,  near  Manchester. 
Peace,  George,  Monton  Grange,  Eccles.     Vtce-Prcsideni, 
Peace,  George  Keory,  Monton  Grange,  Eccles.     Memi 

of  CounciL 
Peace,  Maskell  W.,  F.G.8.,  Wigan. 
Pearson,  A.,  Dukinfield  Cottage,  near  Ashton-nnder-Lyn 
Pickup,  Peter  Wright,  Rishton,  near  Blackhnm. 
Piggott,  I.,  Carlton  Villa,  Lathom,  near  Ormskirk. 
Pilkington,   Alfred,   Clifton   Collieries,   near    Manchest 

Hon.  Auditor, 
Pilkington,  Charles,  Ashton  and  Edge  Green  Collier 

St.  Helens. 
Pilkington,  Edward,  J. P.,  Clifton  Collieries,  near  Mancheg 

Past' President, 
Place,  W.  H.,  Hoddleston  Collieries,  Darwen. 
Plant,  John,  F.G.S.,  Royal  Museum,  Peel  Park,  Salford 
Piatt,    Samuel   Sydney,  Assoc.M.Inst.C.E.,   Borough  5 

veyor,  Rochdale. 

Radcliffe,  James,  F.G.S.,  Astley  Deep  Pit,  Dukinfield ;  1 
King  Street,  Dukinfield.     Member  of  Council. 

Ramsay ^  Sir  A.  C,  LL.D.,  F.R.S.,  &c.,  15,  Cromi 
Crescent,  South  Kensington,  S.W. 

Rid  yard,  John,  Walkden,  Bolton.     Member  of  Council. 

Rigby,  William,  Leader's  Buildings,  King  Street,  Wigi 

Robins,  George  J.,  Ashton,  near  Newton-le- Willows. 

Rogers,  William,  King  Street,  Wigan. 

Roscoe,  James,  Little  Hulton,  Bolton. 


1882     Sacre,  R.  A.,  West  Kirby,  near  Birkenhead. 

1880     *Schofield,    Christopher  James,    Whalley   Villa,    Whal 

Range,  Manchester. 
1887      Scott,  Frederic  W.,  Atlas  Works,  Reddish,  near  Stockp< 
1866     Selby,  Atherton,  Mining  Engineer,  Leigh 
1882     Settle,  Joel,  Madeley  Coal  &  Iron  Co.,  Limited,  Madel 

near  Newcastle,  Staffordshire. 
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of 
BlectioD. 


1878 
1884 
1877 

1884 
1879 
1864 

1838 
1881 
1873 

1866 

1881 

1886 

X880 

1881 

X  959 


X  «82 
X^82 

XS81 

XS80 

X884 

1877 

1873 

1876 


Settle,  Miles,  Snow  Hill,  Darcy  Lever,  near  Bolton. 
Shaw,  David,  Norbury  Moor,  near  Stockport. 
Shuttleworth,  Sir  XJghtred  J.  Kay-,  Bart.,  Gawthorpe  Hall, 

Burnley.     Past- President. 
Simpson,  W.  W.,  Church,  Accrington. 
Sixsmith,  John,  Syndale  Hall  Colliery,  Chequerbent,  Bolton. 
♦Smethurst,    William,    F.G.S.,     1,    South    John    Street, 

Liverpool. 
Smith,  G.  F.,  M.A  ,  F.G.S.,  Grovehurst,  Tunbridge  Wells. 
Smith,  John,  Bickorshaw  Collieries,  Westleigh. 
♦Smith,   K   Clifford,    F.G.S.,    Parkfield,    Swinton,    near 

Manchester.     Past- President, 
Sopwith,  Arthur,  F.G.S.,  Cannock  Chase  Collieries,  Walsall. 
Southworth,  Thomas,  Hindley  Green  Collieries,  Wigan. 
Speakman,  Harry,  Bedford  Collieries,  Leigh,  Lancashire. 
Speakman,  John,  The  Walmslcys,  Leigh,  near  Manchester. 
Squire,    J.   B.,    A.Inst. C.E.,    1,    Sibella   Road,    Clapham, 

London,  S.W. 
Statter,  Thomas,  Stand  Hall,  Bnry. 
Stechert,  G.  E.,  26,  King  William  Street,  Strand,  London, 

W.C. 
Stirrup,    Mark,    F.G.S.,    High    Thorn,    Stamford    Road, 

Bowdon.     Hon.  Secretary. 
Stopford,   T.  R.,   Swan  Lane  Brick   and   Coal   Company, 

Hindley  Green,  near  Wigan. 
Storey,  Edgar,  Leigh,  Lancashire. 

Taylor,  Alfred,  Norley  Collieries,  Wigan. 

Teale,  William  E.,  Fern  Bank,  Worsley. 

Toman,  Daniel,  Chamber  Colliery,  Oldham. 

Tomlinson    Thomas,    3,    Richmond    Terrace,    Whitehall, 

London,  S.W. 
Tonge,  James,  F.G.S.,  Woodbine  House,  Westhoughton, 

near  Bolton.     Member  of  Council. 
Topping  Walter,  Bamfurlong  Collieries,  near  Wigan. 
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Election. 


1886 


1876 
1879 

1887 
1882 
1882 
1886 
1882 
1879 
1879 
1885 
1880 

1878 

1877 
1884 
1867 

1880 

1886 

1876 

1886 
1876 


♦Trafford,  Sir  Humphrey  Francis  De,  Bart.,  Trafford  P 
Manchester. 

Unsworth,  John,  Scot  Lane  Collieries,  Wigan. 
XJnsworth,  Richard,  Mesne  Lea  Colliery,  Worsley. 

Walkden,  Richanl,  Colliery  Manager,  Darwen. 
Walker,  T.  A.,  Pagefield  Iron  Works,  Wigan. 
Wall,  Henry,  11,  King  Street,  Wigan. 
Wallwork,  John,  Clifton  Moss  Colliery,  Clifton,  Manche 
Wall  work,  Thomas,  Colliery  Office,  Walkden,  near  Bol 
Walshaw,  John,  Astley  and  Tyldesley  Collieries,  Tylde 
Warburton,  William,  High  Lane,  near  Stockport. 
Ward,  Thomas,  Brookfield  House,  Northwich. 
Watts,  William,  F.G.S.,    Piethomo,    Rochdale.      Mt 

of  Council. 
Wells,  Samuel  B.,  Mining  Engineer  to  the  Bengal  Coa^ 

Ld.,  Kliooldea  Collieries,  Giridih,  India. 
West,  T.  E.,  65,  Wemeth  Hall  Road,  Ohlham. 
Whitehead,  Jolin,  Chorley,  Lancashire. 
Wild,  George,  Bardsley  Colliery,  Ashton-under-Lyne. 

Vice-President. 
Williams,  E.  Leader,  M.Inst.C.E.,  Queen's  Chambers, 

Dalton  Street,  Manchester. 
Williamson,  Professor  W.  C,  LL.D.,  F.R.S.,  Egerton  1 

Fallowfield. 
Winstanley,  Robert,  28,  Deansgate,  Manchester. 

I  'ice-President. 
♦Wood,  Guy,  71,  King  Street,  Manchester. 
Woodwanl,   H.  A.,  Clifton,  near  Manchester.     Memh 

Council. 


Members  are  requested  to  communicate  to  the  Hon.  Secretarit 
changes  of  address^  also  any  corrections  or  omissions  in  the  list. 


TRANSACTIONS 


OF  THE 


MANCHESTER    GEOLOGICAL    SOCIETY. 

Past  XII.  Vol.  XIX.  Sbsston  1887-8. 

The  Ordinary  Mbrtino  of  the  Members  was  held 
on  Tuesday,  Noyember  1st,  1887,  at  the  Booms  of  the 
Manchester  Literary  and  Philosophioal  Society,  George 
Street 

The  President,  Mr.  Josspu  Dickinson,  F.G.S.,  &c., 

in  the  Chair. 


NEW  MEMBER. 


Mr.  William  Saint,  one  of  H.M.  Inspectors  of  Mines, 
S4,  George  Street,  Gheetham  Hill,  was  balloted  for,  and 
^Vianimously  elected  an  Ordinary  member  of  the  Society. 


16 


272 


The  President  delivered  the  following  address: — 
THE  PROGRESS  OF    MINING  AND  GEOrX)GY. 


An  Outline. — Inaugural  Address,  let  November^  1887. 

By  Joseph  Dickinson. 

Her  Majesty's  Senior  Chief  Inspector  of  Mines. 
Fellow  of  the  Geological  Society  of  London. 

Honorary  Member,  North  of  England  Institute  of  Mining  and  Meobasii 

Engineers. 
Boyal  Institution  of  Cornwall. 
South  Staffordshire  and  East  Worcestershire  Instil 

of  Mining  Engineers. 
South  Midland  Institute  of  Mining,  Ciyil^aadHechaiii 

Engineers. 
North  Staffordshire  Institute  of  ICving  and  Median 

Engineers. 
South  Yorkshire  Viewen^  Association. 
£x-officio  Honorary  Member,  Chesterfield  and  Derbyshire  Institute  of  Mini 

Civil,  and  Mechanical  Engineers. 
Ditto.        ditto.  Midland  Institute  of  Mining,  Civil,  and  Mi 

anical  Engineers. 


Ditto. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 


I  have  the  pleasure  of  thanking  the  Society  for  the  hon 
conferred  in  again  electing  me  President. 

It  is  the  fourth  time  that  such  honour  has  been  bestoi 
on  me,  but  on  this  occasion  more  than  usual  importance 
attached.  It  is  the  Jubilee  year  in  the  reign  of  Her  Majc 
the  Queen,  and  also  the  Jubilee  session  of  this  Society. 

The  occasion  seems  one  for  a  retrospective  view. 

Of  the  194  members  with  which  this  Society  began  -« 
few  now  survive.  The  ordinary  members  then  consisted 
persons  interested  in  various  pursuits,  geologists,  min 
lessors  of  mines,  mechanical  engineers,  manufactui 
bankers,  lawyers  and  doctors. 

Amongst  the  honorary  members  were  those  bearing 
immortal  names   of  Louis   Agassiz,   Adolphe  Brongni 


.  i 


278 

Buckland,  Dalton,  De  la  Beche,  Greenough,  Lyell,  Mar- 
chison,  John  Phillips,  Sedgwick,  Whewell.  They,  and  also 
all  ihe  others  are  gone  except  Mr.  T.  W.  Embleton,  alone 
Mmaining. 

Aft  Society  commenced  with  vigour.  Some  good  papers 
were  read.  It  gathered  together  a  good  geological  museum. 
All  went  on  well  for  a  time.  Meetings  were  held  at  the 
Natural  History  Society's  Museum,  in  Peter  Street.  The 
force,  however,  declined.  In  1857,  Mr.  Binney  was  elected 
President.  Changes  ensued.  The  Society  revived.  Subjects 
of  interest  were  again  introduced.  Other  members  have 
foQowed  on,  and  although  the  museum  has  been  given  to 
ihe  Owens  College,  the  Society  has  since  prospered. 

The  two  objects  of  this  Society  are  geology  and  mining, 
and  it  is  on  the  progress  that  has  been  made  in  these  two 

subjects  that  I  propose  to  offer  an  outline  without  further 

preface. 

Geology. 

It  would  be  too  elaborate  to  enter  into  detail  of  the  early 
geological  views.  For  these  I  may  safely  refer  to  Sir 
CJiarles  Lyell's  or  other  works  on  Geology,  in  which  all  that 
^^  needed  in  geology  and  also  in  cosmogony  are  given. 

It  will  suffice  for  the  present  if  I  begin  with  a  writer  in 
^l^e  early  part  of  the  present  century. 

In  1813,  Robert  Bakewell  in  his  ''Introduction  to 
Q'eology,"  says  that  till  about  the  middle  of  last  century 
^e  structure  of  the  earth  had  scarcely  engaged  the  attention 
^f  philosophers.  Near  that  time  Lehman,  the  German, 
^lieerved  that  there  are  certain  rocks  which  occupy  the 
lowest  relative  position  in  different  countries,  and  that  these 
^X>ck8  contain  no  organic  remains ;  hence  was  given  the 
i^ame  of  Primary,  and  a  division  established  between  them 
lixid  the  rocks  by  which  they  are  covered  in  which  fossil 
Y<eimains  frequently  occur;  the  latter  were  called  Secondary. 
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Between  these  were  shown  Transition  rocks,  and  oyer  the 
Secondary  were  the  newest  deposits.  Mr.  Bakewell  also 
says  that  in  our  own  country  the  Rey.  Mr.  Mitchell^  in  a 
paper  on  the  cause  of  earthquakes  which  appeared  in  the 
Philosophical  Transactions,  1759,  was  the  first  person  who 
appears  to  have  had  any  clear  views  respecting  the  struoture 
of  the  crust  of  the  earth ;  and  that  about  twenty  yean 
afterwards  Mr.  John  Whitehurst  published  his  inquiry  into 
the  original  state  and  formation  of  the  earth. 

That  till  the  beginning  of  the  present  century  geological 
pursuits  made  little  progress  in  England.  On  the  continent 
the  researches  of  Saussure,  Pallas,  Werner,  St.  Fond, 
Dolomieu  and  others,  had  before  this  time  produced  a 
powerful  interest,  and  brought  into  the  field  many  actiye 
and  intelligent  inquirers. 

The  first  impidse  given  to  the  public  taste  for  geological 
investigations  in  this  country  was  produced  by  Professor 
Playfair's  illustrations  of  the  Plutonian  Theory  of  Hutton. 
The  leading  feature  of  this  theory  being,  that  all  rocks  or 
strata  have  been  formed  or  consolidated  by  central  sub- 
terranean fire,  which  was  ably  and  very  warmly  opposed  by 
those  who  favoured  different  theories,  notably  the  Neptunian 
theory  of  Werner,  which  attributed  all  the  superficial  parts 
of  the  globe  to  a  state  of  aqueous  solution,  from  which  the 
materials  were  separated  by  chemical  deposition. 

Bakewell  considered  that  stratified  rocks  were  formed 
by  the  motion  of  water,  and  he  distinguished  the  relative 
ages  of  rocks  by  their  being  conformable  or  unconformable^ 
and  gave  sections  of  strata  and  of  coal  basins,  also  an 
outline  geological  map  of  England.  He  makes  the 
remark  that  the  early  geologists  were  too  fond  of 
forming  universal  theories  from  a  limited  number  of 
facts.  He  also  alluded  to  the  various  names  given  to  the 
same  substance,  from  which  the  uninitiated  might  suppose 
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he  wa8  in  company  with  masons  fresh  from  the  tower  of 
Babel,  each  one  calling  the  same  stone  by  a  different  name. 
All  geologists,  howeyer,  it  appears,  were  then  agreed  that 
every  part  of  the  dry  land  had  once  been  covered  with  ocean. 

Fifty  years  ago,  when  I  was  first  studying  geology,  the 
formations  were  divided  nearly  in  the  same  way  as  in  1813. 
The  uppermost  was  the  Recent  Formation  of  soil,  Alluvial, 
Diluvial,  clay,  sand,  gravel  and  boulders.  Next  was  the 
Tertiary  comprising  the  strata  above  the  chalk.  Then  the 
Secondary  including  the  chalk  with  all  down  to  the  old  red 
sandstone.  Following  this  was  the  Transition.  Lowest  of 
all  the  Primary  with  Granite  and  such  like  as  the  base. 

Lyell,  early  in  his  works,  introduced  into  the  Tertiary  the 
terms  Newer  Pliocene,  Older  PUocene,  Miocene,  Eocene,  and 
kept  to  similar  divisions  of  Tertiary  and  Secondary. 

After  this  time  important  changes  in  the  nomenclature 
began,  being,  as  I  understand,  introduced  mainly  by  Sir 
Boderick  Murchison,  who  succeeded  Sir  Henry  De-la  Beche 
as  the  head  of  the  Geological  Survey  of  the  United  Kingdom. 

The  formations  now  according  to  a  Table  before  me  are 
^vided  into : — 

The  Cainozoic  or  Tertiary  terminating  as  before  at 
the  top  of  the  chalk. 

The  Mesozoic  or  Secondary  terminating  with  the 
Trias  or  new  red  sandstone. 

The  Permian,  with  the  Magnesian  limestone. 

The  Palaeozoic,  beginning  with  the  coal  measures  and 
terminating  with  the  Silurian. 

Metamorphic,  or  Cambrian. 

Hypozoic,  Chlorite  and  Mica,  Slate  Quartz,  Ho/m- 
blende,  Mica  Schist,  Igneous  Rocks,  Unstratified  Rocks; 
or  Crystalline.  * 

New  names  are,  however,  being  frequently  introduced, 
^vgardless  of  such  satire  as  Bakewell's,  which  make  the  sub^ 
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jeot  very  perplexing  to  ordinary  persons  sadh  as  minen       |  ^^ 
who  have  many  other  branches  of  science  to  study  besides 
geology. 

The  terms  Silurian  and  Cambrian  have  perhaps  displaced 
some  old  names,  such  as  Transition,  which  answered  tlie 
purpose  very  well ;  but  apparently  many  of  the  other 
changes  in  the  names  of  some-  of  the  formations  and  the 
introduction  of  terms  such  as  Permian,  have  been  necessarily 
forced  in  by  the  discoveries  made  since  the  arrangement  of 
previous  tables. 

The  superposition  of  the  principal  formations  appears  Up 
be  now  well  authenticated,  but  possibly  there  is  still  some- 
thing to  learn  respecting  the  connection  of  the  WealdfiD^ 
the  Lias,  the  Trias,  and  the  Permian. 

The  similarity  in  some  of  the  beds  in  the  Trias  and  tb 
Permian  makes  it  sometimes  difficult  to  distinguish  on< 
from  the  other  where  the  Permian  fossils  are  absent.  Th( 
whole  of  these  with  the  overlying  Saliferous  marls 
placed  under  the  Lias,  which  is  countenanced  by  genei 
indications  in  Durham,  Yorkshire,  Cheshire,  and  Worcestei 
shire.  But  I  may  say  that  it  would  be  satisfactory 
geologists  made  known  any  instance  where  rock-salt  (noi  ^* 
brine  only)  has  been  actually  penetrated  underneath  th^^-^® 
Lias,  and  thus  remove  the  doubt  which  exists  with  som^^  -^^ 
persons  whether  the  Saliferous  marls  do  not  abut  against  th^p**-^® 
Lias,  and  other  strata,  and  hold  a  higher  position  in  th( 
series  than  that  assigned. 

The  Glacial  Theory,  is  almost  entirely  new.  The  orij 
of  the  theory  appears  to  be  assigned  to  Agassiz,  and  th^-^^® 
development  of  it  to  Sir  Andrew  Ramsay,  who  succeedec^^^*^ 
Sir  Roderick  Murchison  at  the  head  of  the  G^ologiiu^  ^  ^' 
Survey. 

Ramsay  in  his  work,  "^Physical  Geology  and  Geography  o^:^^^^ 
Great  Britain,"  says :  "  Geologists,  led  many  years  ago  b;  ^■""^7 
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X,  haTe  by  degrees  almost  unWersally  come  to  the 
sion  that  a  very  large  part  of  the  northern  hemisphere 
nring  the  gbusial  period,  covered,  or  nearly  covered, 
%  coating  of  thick  ice/'     And,   ''It  was  only  by 

8  that  geologists  became  reconciled  to  the  idea  that 
. '  till '  or  boulder-clay  is  nothing  but  moraine  rubbish 
vast  scale  formed  by  those  old  glaciers;"  ''this 
lesis  being  now  accepted  by  most  of  the  best  geologists 
"ope  and  America."  He  says :  "  One  thing  is  certain, 
efore  the  glacial  epoch,  the  greater  contours  of  the 
y  were  much  the  same  as  they  are  now,  and  that  the 
tnents  of  the  Chalk  and  Oolite  existed  before  the 

period.*' 

r  then  were  the  greater  contours  formed ;  and  what 

9  of  the  miles  in  thickness  of  ground  which  have 
eared. 

drift,  whether  it  be  gravel,  sand,  or  boulder  clay,  has 
ally  stratified  form,  quite  independent  of  the  stratified 
m  which  it  rests.  But  there  is  not  enough  of  it  to 
t  for  what  has  been  denuded  from  the  contours. 

I  a  dij£cult  problem.  I  gave  my  opinion  on  it  before 
»ciety  nearly  a  quarter  of  a  century  ago,  and  although 
e  popular  notion,  yet  I  still  hold  it  to  be  the  best 
n.  Why  do  the  basic  or  lowest  geological  formations 
rily  occupy  the  highest  elevations  above  sea  level  P 
hould  rivers  commonly  flow  from  the  basic  to  newer 
ionsP 

se  things  have  undoubtedly  been  governed  by  some 
id  apparently  we  must  look  for  some  other  origin  than 
denudation  by  water  for  the  formation  of  the  main 
rs,  and  beyond  ice  to  account  for  the  formation 
aines  and  drift. 

ther  progress  in  geology  may,  therefore,  apparently 
L  to  be  made  in  this  direction. 
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Mining. 

The  date  when  mining  began  is  lost  in  obscurity. 

In  cutting  through  yery  ancient  workings,  at  shalloiT 
depths,  in  the  iron  ore  of  the  Forest  of  Dean,  spades  cut  out 
of  solid  w^od  have  been  found,  without  any  appearance 
remaining  of  their  having  ever  been  tipped  with  iron. 

Sacred  writ,  notably  the  patriarch  Job,  in  the  revised 
version,  mentions  several  metals  and  the  mdting  and 
refining,  and  that  ''  there  is  a  mine  for  silver,"  and  that 
"  iron  is  taken  out  of  the  earth,''  and  '*  underneath  it  is 
turned  up  as  it  were  fire.'' 

In  the  year  1556,  Agriuola,  in  the  book  entitled  ''Oeorgii 
de  re  Metallica,"  said  to  have  been  written  by  George  Land- 
mann,  a  medical  gentleman,  who  assumed  the  name  of 
Agricola,  or  peasant,  gives  drawings  and  text  showing  that  at 
that  time,  shafts  and  workings  were  timbered,  ladders  used, 
also  four-wheeled  hutches,  barrows,  sledges,  and  carts. 

That  winding  and  machinery  comprised  ropes,  hoppets, 
windlasses,  rotary  machines  turned  by  men  treading  inside 
vertical  wheels  and  on  the  top  of  horizontal  wheels, 
also  pulling  by  hand,  capstans  with  four  arms, 
gins  worked  by  horses,  wheels  turned  by 
horses,     waterwheels,     windmills,     chains,    and     brakes. 

That  water  was  raised  by  ordinary  suction  pumps  of 
various  construction ;  pumps  with  wooden  pump  trees,  and 
with  an  intersecting  box  and  crank  for  forcing ;  by  endless 
chain  pumps  with  hopper  buckets,  and  with  elongated 
spheres  at  short  distances  apart  working  like  buckets  in 
pump  trees,  the  chains  being  both  single  linked  and  doubly 
linked. 

That  ventilation  was  produced  by  means  of  air-pipes  and 
bratticed  shafts.  Naturally,  by  boards  being  set  up  to 
direct  the  wind  down  one  side,  and  by  rotating  barrels 
moved  by  a  vane  with  a  hole  in  the  barrel  to  catch  the 
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.     By  yentilatorsy  namely : — ^Fans  with  plane  and  with 
A  vanesy  also  bellows ;  and  that  cloths  were  used  for 
ng  bad  air  by  batting  or  flapping, 
lat  among  work  tools  were  the  hammer,  the  pick,  orow- 
md  wedge. 

lat  rock  was  softened  by  burning  wood, 
tat  the  means  of  lighting  was  by  hand  lamps. 
At  means  were  used  for  surveying  and  levelling  and 
secting  workings. 

At  in  dressing  the  ores  women  as  well  as  men  were 
oyed. 

1814,  a  Society  in  Sunderland  for  the  prevention  of 
ents  in  coal  mines  printed  a  paper  by  Mr.  John  Buddie, 
minent  coal  viewer  of  WaUsend,  dated  1813,  which  set 
that  the  only  methods  then  known  for  preventing 
leions  were  by  the  thorough  ventilation  of  the  several 
gee  and  workings  of  the  mine. 

\  gave  drawings  showing  that  in  ventilation  the  air  was 
ed  through  every  part  of  the  workings,  as  introduced 
!r.  Spedding,  of  Whitehaven ;  and  that  air  was  divided 
currents  or  splits,  called  compound  ventilation ;  doors 
swing  doors  hung  within  a  recess  in  the  roof  for  use 
e  event  of  an  explosion  blowing  out  the  others;  air 
ings  made  of  brick  or  plank ;  bratticing,  with  screens 
ending  air  into  holes  in  the  roof ;  stoppings,  the  main 
being  supported  by  stowing  or  rough  walling. 
•r  lighting,  candles  were  used  between  the  shaft  and 
urthest  stenting  or  cut-through  ;  and  steel  mills  acting 
int  beyond  the  cut-throughs. 

le  presence  of  inflammable  gas,  from  the  slightest 
ure,  through  all  its  gradations  to  the  firing  point, 
readily  discovered  by  an  experienced  collier,  and  he 
sd  very  correctly  of  the  degree  of  inflammability  and 
ler  which  threaten  the  safety  of  the  mine,  by  attentively 
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observikig  the  appearance  of  the  spire  or  cap  upon  the  top 
of  the  candle. 

The  common  pit  candles  varied  in  size,  but  those  generally 
used  were  forty-five  to  the  pound ;  the  wick  waa  of  ootton, 
and  the  candle  made  of  ox  or  sheep  tallow ;  but  dean  ox 
taUow  was  best 

The  mode  of  trying  the  candle,  as  it  was  called,  to 
ascertain  the  mixture  of  inflammable  gas,  was  as  follows : — 
In  the  first  place,  the  caudle,  called  by  the  colliers  the  low, 
was  trimmed,  that  is,  the  liquid  fat  was  wiped  ofi^,  the  wick 
snuffed  short,  and  carefully  cleaued  of  red  embers, 
so  that  the  flame  might  bum  as  purely  as  possible.  The 
candle  being  thus  prepared,  it  was  holden  between 
the  fingers  and  thimib  of  the  one  hand,  and  the  palm  of  the 
other  was  placed  between  the  eye  of  the  observer  and  the 
flame,  so  that  nothing  but  the  spire  of  the  flame  could  be 
seen,  as  it  gradually  towered  over  the  upper  margin  of  the 
hand.  The  observation  was  generally  commenced  near  the 
floor  of  the  mine,  and  the  light  and  hand  were  gently  raised 
upwards,  till  the  true  state  of  the  circulating  current  could  be 
ascertained.  The  first  indication  of  thepresenceof  inflammable 
air  was  a  slight  tinge  of  blue,  or  a  bluish  grey  colour  shooting 
up  from  the  top  of  the  spire  of  the  candle,  and  terminating 
in  a  fine  extended  point.  This  spire  increased  in  size,  and 
received  a  deeper  tinge  of  blue  as  it  rose  through  an  in- 
creased proportion  of  inflammable  gas,  till  it  reached  the 
firing  point ;  but  the  experienced  collier  knew  accurately 
enough  all  the  gradations  of  show  (as  it  was  called)  upon 
the  candle,  and  was  very  rarely  fired  upon,  excepting  in 
cases  of  sudden  discharges  of  inflammable  gas. 

The  show  upon  the  top  of  the  candle  varied  very  much, 
according  to  the  length  of  the  run,  or  distance,  which  the 
current  of  air  had  passed  through,  before  it  is  mixed  with 
the  inflammable  gas.     The  shorter  the  run  of  the  current  of 
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ftir,  before  it  is  mixed  with  the  inflammable  gas,  the  less 
would  be  the  show  upon  the  candle  when  at  the  firing  point 
and  vice  yersa.   • 

The  same  size  of  spire  would  indicate  danger  in  a  current 
which  had  passed  only  one  mile,  might  be  perfectly  harm- 
less in  a  current  that  had  run  five  or  six  miles.  Gon- 
sequentlyy  the  length  of  the  run  of  air  had  to  be  taken  into 
consideration  as  well  as  the  appearance  of  the  top  of  the 
handle.  The  air  course  too,  for  a  short  distance  beyond  a  small 
iischarge  of  firedamp,  might  be  highly  inflammable,  but  by 
sassing  a  few  yards  further,  it  became  so  diluted  as  to  be 
perfectly  secure.  The  distance,  therefore,  within  which  a 
)lower  can  be  safely  approached  with  candles  was  regulated 
entirely  by  the  magnitude  of  the  discharge  and  power  of  the 
Hirrent  of  air.  Long  experience  and  attentive  observation 
rere  consequently  necessary  to  obtain  a  thorough  practical 
nowledge  of  this  art. 

The  workings  of  a  colliery  were  very  often  inaccessible 
ith  candles  near  the  downcast  pit,  called  the  first  of  the 
ir,  while  they  might  be  safely  entered  with  any  description 
t  lights  near  the  upcast  pit,  called  the  last  of  the  air.  This 
rose  from  the  inflammable  gas,  as  it  was  carried  from  the 
lace  of  its  discharge,  being  gradually  diluted  by  the  atmo- 
pheiic  current.  Hence  the  advantage  of  sufficient  extent 
f  pit  room  to  obtain  length  of  run  to  dilute  the  inflammable 
ir.  It  was  from  want  of  pit  room  that  the  explosions  in 
lewly-opened  collieries  were  generally  the  most  violent. 
Che  run  of  air,  or  the  distance  which  the  current  of  air 
passed  through  between  the  downcast  and  the  upcast  pits, 
rmed  much  according  to  circumstances.  It  was  known  to 
^:xceed  thirty  miles. 

After  the  current  of  atmospheric  air  was  so  highly  mixed 
^th  inflammable  air,  as  not  to  be  accessible  with  lighted 
^^Qdlesy  steel  mills  might  be  employed  with  safety. 
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Although  the  inflammable  air  had  frequently  fired  at  the 
sparks  of  the  steel  mills,  it  only  happened,  from  all  the  facts 
which  Mr.  Buddie  had  been  able  to  collect^  when  the  milk 
were  played  near  the  place  where  the  hydrogen  gas  was  dis- 
chargedy  and  that,  by  due  attention,  might  easily  be  avoided. 
He  never,  indeed,  witnessed  an  explosion  from  the  sparks 
of  flint ;  but  from  his  own  observations  on  their  appearanoe 
in  dangerous  states  of  air,  as  well  as  from  the  observations 
of  several  intelligent  men,  he  believed  that  in  most  cases  the 
change  of  the  appearance  of  the  sparks,  if  attentively 
observed,  gave  sufficient  notice  of  the  threatening  danger. 
When  elicited  in  atmospheric  air,  they  were  of  a  bright 
appearance,  rather  inclining  to  a  reddish  hue,  and  as  they 
flew  from  the  wheel,  seemed  sharp  and  pointed.  In  a  current 
of  air,  mixed  with  inflammable  gas  above  the  firing  pointy 
like  as  with  candles,  they  increased  considerably  in  size,  and 
became  more  luminous.  On  approaching  the  firing  point 
with  steel  mills,  they  grew  still  more  luminous,  and 
assumed  a  kind  of  liquid  appearance,  nearly  resembling 
the  sparks  under  the  hammer  from  iron  at  the  welding 
heat.  They  also  adhered,  more  than  usual,  to  the  periphery 
of  the  wheel,  encompassing  it,  as  it  were,  with  a  stream  of 
fire,  and  the  light  emanating  from  them  was  of  a  bluish 
tint.  When  the  inflammable  gas  predominated  in  the 
circulating  current,  the  sparks  from  the  steel  mill  were  of 
a  blood  red  colour,  and  as  the  mixture  increased,  the  mill 
totally  ceased  to  elicit  sparks.  They  had  the  same  bloody 
colour  in  carbonic  acid. 

The  improved  system  of  ventilation  was  introduced  into 
the  collieries  on  the  Tyne  and  Wear,  about  the  year  1760. 
It  proved  inadequate  in  the  following  cases : — 

1st.  When  sudden  discharges  of  inflammable  gas  mix  the 
whole  mass  of  circulating  air  to  the  firing  point. 

2nd.   When  the  wind  was  at  south-east,  the  weather  wet 
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er  hasy,  and  the  barometer  sunk  below  29  inohea.  In  that 
ease  the  atmoepheric  current,  which  under  the  most  favour- 
able state  of  the  air  was  merely  sufficient  to  sweep  off  the 
noxious  effluvia  of  some  mines*  got  so  contaminated  by  the 
increased  discharge  of  inflammable  gas,  and  the  slowness  of 
its  own  progress,  as  to  become  exceedingly  unsafe,  and 
generally  inaccessible  with  candles. 

3rd.  When  inflammable  air  filled  a  part  of  the  mine 
between  the  workmen  and  the  upcast  shaft,  and  a  fall  of 
itone  from  the  roof,  or  other  causes,  occurred  to  force  it 
back  upon  the  workmen's  candles. 

4th.  When  the  gas  was  lighted  by  lightning  as  it 
ascended  the  upcast  shaft. 

To  obviate  these  defects  as  much  as  possible,  Mr.  Buddie 
introduced  the  double  or  compound  ventilation,  apparently 
splitting  or  dividing  the  air  into  different  currents,  and 
introduced  the  steam  ventilator,  the  air  pump,  and  hot 
cylinder.  He  gave  drawings  of  these  in  his  Paper,  and  of 
tlie  furnace  and  the  waterfall,  and  said  that  exhausting  air 
-was  found  preferable  to  forcing. 

The  standard  air-course  was  from  30  to  40  feet  in  area, 
and  the  velocity  of  the  current  3  feet  per  second  or  180  feet 
per  minute. 

On  the  strength  of  his  own  experience  he  was  of  opinion 
tliat  any  further  application  of  mechanical  agency  would 
l>e  ineffectual  towards  preventing  explosions  in  coal  mines, 
but  he  had  hopes  of  some  method  being  discovered  of  pro- 
ducing such  a  chemical  change  upon  carburetted  hydrogen 
&^  as  to  render  it  innoxious  as  fast  as  it  is  discharged,  or 
^^  it  approaches  the  neighbourhood  of  lights. 

In  this  Paper,  Mr.  Buddie  recommended  the  formation  of 
*  S^neral  Permanent  Fund  for  the  relief  of  the  widows  and 
^^plians  of  such  colliers  and  others  as  may  lose  their  lives 
^^  ^he  collieries  on  the  Tyne  and  Wear,  and  for  the  support 
^  Buch  as  are  maimed  and  disabled. 
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In  1835y  a  Select  Committee  of  the  House  of  Comi 
inquired  into  the  cause  of  catastrophies  which  had  oocurred 
in  the  mines  of  Great  Britain,  with  a  view  of  suggesting 
means  of  prevention.  This  Committee  had  before  them 
almost  every  topic  connected  with  collieries  :  The  nature 
and  cause  of  accidents :  The  amount  of  damage  8us> 
tained  by  loss  of  life  and  to  property  by  explosions:  Coroner^s 
inquests,  and  the  expediency  of  some  fit  and  proper  person 
attending  to  assist  the  Coroner  and  jury  in  their  investiga- 
tion :  Fire-damp :  Carbonic  acid  and  other  noxious  black- 
damp  gases:  Roberts's  Safety  Hood  to  enable  persons  to 
enter  places  charged  with  noxious  gas  :  Inundations  of  water : 
A  long  list  of  casualties,  some  of  which  appeared  inseparable 
from  mining  pursuits :  Ventilation :  Safety  lamps :  Maps 
or  plans:  Bratticed  ventilating  shafts,  which  in  common 
with  general  opinion  they  reprobated:  Foul  and  free  air- 
courses  being  too  near  to  each  other;  the  long  lengths 
of  air  coursing ;  "  Boards  "  and  "  Ends  "  often  imperfectly 
united,  and  the  temporary  nature  of  stoppings,  some 
being  made  of  mere  heaps  of  small  coal,  giving  opportunities 
for  leakage,  interruption  and  contamination :  How  far 
legislative  enactments  might  fairly  come  in  aid  of  the 
miner :  The  dependence  to  be  placed  on  agents,  viewers, 
or  managers  and  subordinate  overseers,  under  whatever 
name  they  may  be  called :  Daily  reports  from  subalterns : 
Moral  culture  :  To  which,  as  the  Committee  reported,  there 
still  remained  to  be  exercised  that  quick  perception  of  cause 
and  efiect,  that  accurate  adaptation  of  means  to  the  end,  that 
nice  observation  of  various  natural  phenomena  connected 
with  the  state  of  the  atmosphere  at  the  surface  and  under- 
groimd,  upon  which  it  is  obvious  safety  must  ultimately 
depend ;  together  with  the  necessity  that  everything  possible 
should  be  done  to  bring  the  workmen  acquainted  with  their 
individual  responsibilities  and  those  theories  and  principles 
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•n  ibe  observance  of  which  their  personal'  enstence  anci 
t  of  their  comrades  are  at  stake. 

n  1889,  Sir  GharlM  Iiemon,  Bart.,  M.P.,  at  his  own 
leoBe,  comnMneed  at  the  Royal  Institution,  Truro,  an 
iiiiiiniitiT  Mining  School,  and  continued  it  for  a  term  in 
'i|Mring  of  that  year  and  in  1840 ;  Professors  Moseley 
[  Hall,  of  King's  College,  London,  taking  respectively 
mechanical  and  mathematical  classes,  Mr.  Prideaux,  of 
month,  the  metallurgical  class,  and  myself  (being  then 
ny  pupilage)  taking  the  preliminary  classes,  during  both 
na. 

Lbout  the  same  time  was  established  in  Craig's  Court, 
iring  Cross,  London,  a  Government  Institution,  consisting 
I  geological  museum,  a  chemical  laboratory,  and  an  assay 
aace.  Here,  for  a  term  in  1843,  being  sent  by  Sir  J. 
in  Ouest,  Bart.,  M.P.,  for  purposes  of  the  Dowlais  works, 
K>k  lessons  in  chemistry  and  assaying  under  Mr.  Richard 
Hips,  F.R.S.  This  establishment  has  since  become  ex- 
.ded  with  numerous  professors  of  similar  high  standing 
>  the  Mining  School  and  Museimi  at  Jermyn  Street,  and 
xmnection  with  those  at  South  Kensington. 

n  1840,  having  finished  my  pupilage,  or  served  my  time, 
h  Mr.  Thomas  Sopwirth,  F.R.S.,  Civil  and  Mining 
gineer,  of  Newcastle-on-Tyne,  I,  on  the  recommendation 
Mr.  Sopwith  and  Mr.  Buddie,  whom  I  had  the  privilege  to 
>w,  entered  on  duty  in  the  extensive  mines  and  ironworks 
Dowlais,  in  South  Wales,  and  I  found  the  ventilation 
ire  in  a  similar  state  to  that  described  by  Mr.  Buddie. 

rhe  currents  of  air  were  long,  and  in  the  return  air  of  the 
ry.  mines  some  of  the  caps  above  the  flame  of  the  candles 
re  occasionally  two  or  three  inches  in  length.  These 
ps  were  of  a  blue  colour  with  a  greyish  tinge,  but  some- 
Hat  different  to  caps  in  the  intake  air,  where  a  very  much 
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smaller  but  blaer  cap  indicated  the  firing  point  the  aame 
as  it  does  now. 

The  shafts  being  large  and  the  airways  small,  boisteroDi 
winds  on  rare  occasions  reversed  the  ventilation,  and  neoeed- 
tated  the  furnace  being  extinguished. 

The  Davy  lamp  was  used  by  the  firemen  in  wiR^ing  tb 
examination  before  the  miners  commenced  work,  as  at 
present,  and  the  lamp  was  carried  in  a  tin  case. 

The  safety  lamp  was  used  only  by  the  firemen,  except  in 
exceptional  circumstances,  the  using  of  them  being  ocm- 
sidered  likely  to  bring  a  bad  name  on  a  colliery. 

I  had  generally  to  test  with  the  candle,  and  with  praotioe 
I  could  judge  the  state  of  the  ventilation  to  within  aboat 
one  yard  of  the  firing  point,  which  I  tested  occasionally 
with  a  safety  lamp.  The  gas  never  fired  at  my  candle,  bnt 
T  have  seen  it  fire  at  one  carried  by  another  person,  and  the 
flame  flash  along  the  side  of  a  magazine  of  fire-damp,  when 
fortunately  there  was  not  enough  air  amongst  the  gasto 
make  it  explosive.  I  have  also  been  in  the  mine  and  been 
blown  down  by  an  explosion.  The  first  sensation  of  an 
explosion  as  experienced  by  me  is  on  the  ears,  by  the  sack 
of  air,  and  then  comes  the  blast,  the  feeling  being  one  oi 
helplessness,  and  if  the  flame  does  not  come  so  far  ib 
followed  by  suspense  lest  the  possibility  of  retreat  may  be 
cut  off  by  after-damp. 

Powder  was  occasionally  used  for  blasting  under  these 
circumstances,  and  the  return   air  had  to  go  through  tlx« 
ventilating  furnaces,  the  furnaces  and  upcast  shafts,  call^^ 
flues  in  South  Wales,  and  cubes  elsewhere,  to  distinguifl»»* 
them  from  furnaces  about  the  iron  works. 

Some  women  were  then   employed  below   ground,  ai^^ 
some  little  girls  tented  air  doors. 

In  1842  was  passed  the  Act  5  &  6  Vict.,  c.  99,  to  prohiV^ 
the  employment  of  women  and  girls  in  mines  and 
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ind  to  regulate  the  employment  of  boys,  and  to  make  other 
provisions  relating  to  persons  working  therein ;  boys  under 
LO  years  of  age  ceasing  to  be  employed  under  ground  other 
than  such  as  had  attained  the  age  of  nine  years;  and 
women  ceasing  to  be  employed  below  ground  other  than 
SQch  as  were  at  or  before  the  passing  cf  the  Act  employed. 
An  inspector  was  appointed  under  the  Act  to  see  to  the 
provisions. 

In  1849,  the  Select  Committee  of  the  House  of  Lords  had 

before  them  many  points  relating  to  coal  mines,  new  and 

interesting,  but  nothing  materially  at  variance  with   the 

results  of  the  1835  Committee  of  the  House  of  Commons. 

The  points  consisted  of  papers  from  time  to  time  presented 

to  Parliament  comprising  reports  of  the  Commission  for 

inquiring  into  the  Employment  of  Children  in  Mines  and 

Manufactories  in  1842 ;  the  report  of  the  Midland  Mining 

Commission  in  1843  ;  the  report  of  the  South  Shields  Com- 

■xiittee  in  1843  ;  the  practicability  of  a  judicious  system  of 

Inspection;    many    ingenious   suggestions   and  inventions, 

Including  the  plan  of  Mr.   Goldsworthy  Gumey  submitted 

O  the  Committee  of  1835  for  applying  high  pressure  steam- 

^t  to  the  ventilation  of  mines;    the  centrifugal  fan  for 

'9ecting  the  same  object  by  Mr.  Brunton  ;  the  patent  air 

^ump  invented  by  Mr.  Struv^ ;    means  of  ventilation  by 

^re&ction  and  natural ;  Mr.  Fourdrinier's  safety  apparatus 

Or  catching  the  load  in  the  event  of  breakage   of  shaft 

c^pes ;  the  danger  of  mouthings  in  shafts  and  falls  of  roof  ; 

^lans ;  record  plans ;    safety  hood  and  lamp  for  entering 

ciines  after  explosions ;    Biram's  registering  cylinder  for 

'^HX>rding  the  revolutions  of  an  anemometer. 

In  1850  was  passed  for  five  years  the  Act  13  and  14  Vict. 
*-  100,  being  )the  first  Act  for  Inspection  of  Coal  Mines  in 
Ghreat  Britain,  and  under  which  four  inspectors  of  mines 
'^'©re  appointed  in  November,  1850,  of  which  I  was  one. 

17 
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Mr.  Matthias  Dunn,  one  of  the  first  four  of  Her  Majesty*^ 
Inspeotors  of  Mines,  found  on  entering  on  his  duties  that  io 
Northumberland  and  Durham,  "  the  managers  seemed  t^ 
vie  one  with  another  in  adopting  the  best  means  of  safety,^  ' 
and  ventilation  and  mechanism  further  advanced  than 
where  in  his  district.  In  Cumberland,  '^  colliery  improve 
ments  were  considerably  behind,  with  certain  exceptions ; 
and  with  a  single  exception  the  collieries  ''oontinned 
work  with  baskets."  In  Scotland,  ''  there  was  a  great^^  tv 
succession  of  accidents  in  proportion  to  the  number  c^:i 
persons  employed  than  in  England,"  but  "  sb'des  an- 
cages"  were  almost  universally  in  the  shafts,  and  th. 
system  of  working  by  long-wall  was  prevalent,  similar 
what  it  was  in  the  Midland  Goimties,  but  had  never  imt: 
very  recently  been  attempted  in  the  North  of  England. 

Mr.  Charles  Morton,  another  of  the  first  four  of  Ht^J 
Majesty's  Inspector  of  Mines,  on  entering  on  his  distric^t 
found  collieries  in  which  mining  plans,  sections,  and  reconX-^ 
were  not  universally  kept.  Also  collieries  in  which  carbon^E-o 
acid  gas  or  blackdamp  sometimes  extinguished  candlcw  ^ 
Safety  lamps  were  used  for  testing  with  in  the  Midlai^^d 
portion  of  the  district,  but  in  Yorkshire  they  were  ^Sn 
frequent  requisition,  the  Davy  being  the  one  usuall^By 
adopted,  but  a  few  Clanny's. 

Mr.  Kenyon  Blackwell  who  was  also  appointed,  soarca^ly 
acted,  if  indeed  at  all,  and  for  about  six  months  his  distrs^ot 
of  South  Wales,  Monmouthshire,  and  Gloucestershire, 
put  under  my  care. 

On   entering  on   my  duties  in  1850  as  Her  Majesi 
Inspector  of  Mines  in  Lancashire,  Cheshire,  North  Wal 
Stafibrdshire,  Shropshire  and  Worcestershire,  I  found  ttma^ 
in  South  Staffordshire   the  Davy   lamp  with   two    gau^^^ 
was  used.     In  Lancashire,  the  Davy  with  one  gauze  a^^^^ 
the  cap  above  was  used.     I  found  at  St.  Helens,  in  so^^^^ 
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nines  with  duggish  ventilation,  it  was  customary  to  bum 
iredamp  in  places  in  advance  of  the  air.  This,  as  I  have 
ratched  it,  was  done  by  lighting  the  extreme  tail  end  of  the 
jfaSy  which  sent  flame  hissing  along  to  the  face  about  as 
iniokly  as  a  person  could  walk. 

As  the  flame  passed,  it  lighted  the  feeders  of  gas  and  left 
^liem  burning  with  blue  flames,  which  had  to  bo  flapped 
>ut.  This  was  in  fiery  mines,  but,  of  course,  where  there 
was  not  sufficient  air  to  make  the  mixture  explosive.  It 
was  called  burning  out  the  firedamp.  If  air  became  sucked 
in  sufficient  to  cause  an  explosion  it  was  said  to  have  burst. 

This  was  practised  where  powder  was  used  for  blasting, 
the  burning  and  flapping  out  had  to  be  done  before  firing  a 
shot,  and  the  flapping  out  to  be  repeated  after  the  shot  had 
relighted  the  feeders. 

In  North  Wales,  which  then  formed  part  of  my  district, 
the  ventilation  was  worse  than  in  Lancashire.  In  one 
colliery  near  Holywell,  where  miners  were  at  work,  I  foimd 
bbe  return  air  issuing  from  the  upcast  shaft  at  the  explosive 
point,  with  a  footpath  close  to,  and  the  wall  roimd  the  shaft 
>nly  about  four  feet  high,  so  that  a  match  struck  on  the 
k>p  of  the  wall  would  have  caused  a  general  explosion. 

Some  persons  were  burned  in  those  days  in  testing  i^ith 
blie  candle,  being  deceived  by  the  much  smaller  blue  cap 
diowD  with  a  dry  atmosphere  or  on  a  clear  frosty  morning. 

These  momentous  times  have  nearly  passed  away.  But 
bhe  transition  from  inactive  ventilation,  with  scarcely 
sufficient  air  in  the  gas  to  cause  a  general  explosion,  to  the 
active  ventilation  which  makes  explosions  much  more 
violent,  has  not  been  efiiected  without  many  thrilling  scenes. 

One  of  the  first  things  which  I  did  on  becoming  Inspector 
of  Mines  was  to  discountenance  testing  for  gas  with  the 
open  light,  and  to  have  the  ventilation  improved. 

In  1852,  a  Select  Committee  of  the  House  of  Commons 
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went  over  the  same  topics  as  the  preceding  Oommitteea,  and 
over  some  new  matter. 

They  concluded  that : — Without  a  current  of  air  at  the 
rate  of  at  least  four  feet  per  second  in  every  part  of  a  mine 
at  all  fiery,  the  miner  cannot  be  considered  safe  from  explo- 
sion :  A  partial  introduction  of  an  insufficient  quantity  of 
atmospheric  air  into  a  fiery  mine  may  cause  the  very  mis- 
chief against  which  it  is  intended  to  guard  :    With  furnace 
ventilation  explosions  are  more  frequent  in  warm  weather : 
The  Davy  Lamp,  referring  to  experiments  by  Dr.  Bach- 
hoffner,  is  insecure  under  certain  circumstances :  Scientific 
instruments   should  be  used,  naming  the  self-registering 
anemometer ;  a  water  gauge,  to  be  placed  at  the  bottom  of 
the  upcast  shaft  to  show  the  drag  of  the  air  in  the  mine ;  a 
thermometer ;  a  barometer — ^a  differential  one,  as  it  is  much 
more  sensitive  than  a  common  one ;  refuge  stalls  to  flee  to 
after   an   explosion  :     a  special   coroner   to   hold    mining 
inquests :   a  Board,  with  greatly  increased  powers :    more 
inspectors,  the  number  then  being  six  ;  and  sub-inspectors, 
the  inspectors  to  have  power  where  great  danger  evidently 
exists  to  cause  the  working  of  a  mine  to  cease  temporarily 
imtil  the  matter  could  be  referred  to  the  Board  :  the  estab- 
lishment of  mining  schools  :  the  better  education  of  miners : 
the  circulation  of  regulations :  the  families  of  those  who 
perish  to  be  supported  for  a  limited  number  of  years  by  the 
proprietor  of  the  mine :  they  mentioned  a  suggestion  that  if 
water  would  permit,  boreholes  should  be  put  down,  with  a 
steam-jet  at  fche  top  to  draw  gases  from  goaves,  and,  for  a 
similar  purpose,  gas  drifts  :  they  introduced,  also,  an  alleged 
discovery  by  Mr.  Golds  worthy  Gurney,  of  what  were  called 
the  Furnace  Paradox,  the  Natural  Brattice,  and  the  Furnace 
Limit ;  and  they  concluded  by  representing  the  steam-jet  as 
being  the  most  powerful  and  least  expensive  method  for  the 
ventilation  of  mines. 
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In  1853  and  1854  a  Select  Committee  of  the  House  of 
Commons  went  minutely  into  the  working  and  ventilation 
of  mines,  and  into  what  improvements  had  taken  place  since 
the  former  Committees,  resulting  in  the  recommendation  of 
certain  rules  for  diminishing  the  number  of  accidents  which 
afterwards  became  incorporated  in  the  second  Act  for  the 
Inspection  of  Mines.     They  referred  to  the  House  of  Lords 
haying  called  attention  to  the  steam-jet,  and  to  the  Com- 
mittee of  the  House  of  Commons,  1852,  having  reported  in 
favour  of  it,  but  said  that  investigations  on  a  much  larger 
scale  had  since  shown  that  the  furnace  is  the  most  effective 
as  well  as  the  most  economical  ventilating  power  ;  and  that 
the  objections  raised  against  the  furnace,  under  the  titles 
furnace  limit,  furnace  paradox,  and,  natural  brattice  were 
theoretical  views,  and  did  not  establish  any  positive  law 
affecting  prejudicially  the  action  of  the  furnace. 

At  the  time  of  the  Conmiittee  in  1852,  and  that  of 
1853-54,  feeling  amongst  some  of  the  mining  community 
ran  very  high  respecting  the  relative  merits  of  the  furnace 
and  the  steam  jet. 

For  the  information  of  some  of  the  present  generation 
who  did  not  take  part  in  and  may  not  have  read  what  was 
then  passing,  I  may  describe  what  was  meant  by  Furnace 
Paradox,  Natural  Brattice,  and  Furnace  Limit. 

By  "Furnace  Paradox"  was  meant  that  the  visible 
indication  of  the  pressure  shown  by  the  water-gauge  between 
the  up-cast  and  the  down-cast  shafts  was  no  measure  of  the 
ventilation,  because  if  the  water-gauge  rises  higher  there 
ought  to  be  more  ventilation,  but  if  there  is  anything  to 
impede  the  supply  of  air  going  up  the  up-cast  will  be  less 
and  the  pressure-gauge  higher,  indicating  a  larger  force 
when  the  air  is  in  fact  cut  off.  The  reply  to  which  was  that 
it  was  a  natural  law  and  no  paradox,  the  gauge  indicating 
only  a  higher  amount  of  exhaustion. 
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The  '* Natural  Brattice"  was  where  in  a  large  up-oast 
shaft  cold  air  had  been  observed  to  go  down  one  part  and 
the  heated  air  come  up  the  other  part.  To  this  it  was 
replied  that  such  a  thing  could  only  take  place  in  stagnant 
shafts,  in  oases  which  ought  never  to  exist  in  a  well  ventil- 
ated colliery. 

The  '^ Furnace  Limit"  was  when  the  furnace  could  not 
produce  any  more  ventilation.  It  was  not,  so  far  as  I 
remember,  set  forth  at  the  time  what  the  temperature  in  the 
shaft  was  when  this  limit  was  attained,  but  in  the  work 
"  Traits  de  la  Ohaleur,"  by  M.  Peclet,  published  in  1860.  It 
appears  that  when  the  temperature  in  any  furnace  shaft  or 
chimney  becomes  so  high  as  to  expand  the  heated  air,  &c., 
to  double  the  original  volume  the  friction  then  becomes  so 
increased  as  to  prevent  the  passing  of  any  increase  in  the 
volume. 

I  do  not  know  whether  this  law  as  laid  down  by  Pedet 
has  been  verified  by  experiments  in  our  own  country,  but 
among  the  experiments  in  testing  the  various  ventilating 
powers  made  by  Mr.  John  Job  Atkinson  and  myself,  was 
one  with  a  balling  furnace  at  the  Dowlais  Iron  Works,  in 
which  we  measured  the  air  by  anemometers  and  the  tempera- 
tures by  the  pyrometer  and  the  melting  heat  of  lead,  copper, 
and  silver;  the  result  of  which  apparently  confirmed  the 
conclusion  arrived  at  by  Peclet,  but  unfortunately  we  made 
the  experiment  during  the  heating  of  the  chimney  when  the 
.charges  are  too  rapid  for  exact  observation,  and  not  during 
the  cooling  when  it  is  gradual,  and  we  never  had  an 
opportunity  to  repeat  it.  The  very  high  temperature 
requisite  to  expand  air  to  double  the  original  volume  is,  it 
is  almost  needless  to  say,  such  as  could  not  be  attained  in 
any  ordinary  mining  shaft. 

In  1855  was  passed,  for  five  years,  the  Act  18  and  19  Yict., 
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.  106y  jnpealiiig  the  former  Act,  aad  introduoing  seven 
;en0iBl  rules  for  safety,  wliioli  were  the  result  of  a  visit  to 
he  oontmental  mines  by  the  late  Mr.  Mackworth  and  my- 
elf  y  as  reported  by  us  to  the  Committee  and  endorsed  by 
Cr.  Wynne  and  Mr.  Williams,  being  by  four  of  the  then 
ix  inspectors  of  mines ;  and  in  addition  the  establishment  of 
pedal  rules  was  made  obligatory. 

Shortly  after  the  passing  of  this  Act  the  number  of 
nqpectors  was  increased  to  twelve. 

In  1860  was  passed,  for  an  unlimited  time,  the  Act  23  and 
^4  Vict,  0.  151,  for  the  regulation  and  inspection  of  mines, 
^hich  amended  the  former  Act,  together  with  the  Act  5  and  6 
^ict,  c.  99,  and  increased  the  general  rules  for  safety  to 
Lfteen. 

In  1862  was  passed  a  supplementary  Act,  25  and  26  Yict., 
-  79,  requiring  two  shafts  or  outlets  in  all  except  certain 
^^es,  the  necessity  appearing  from  the  loss  of  209  lives  by 
be  breakage  of  the  beam  of  a  pumping  engine  at  Hartley 
^dliery,  in  Northumberland,  which  broke  down  the  brattice 
O  a  single  shaft  and  cut  off  all  egress. 

In  1864  a  report  was  made  by  the  Royal  Commission  to 
Dquire  into  the  condition  of  all  mines  in  Great  Britain  to 
rhioh  the  provisions  of  the  Act  23  and  24  Yict.,  c.  151, 
M  not  apply,  and  to  suggest  the  most  practicable  means  of 
nqiroving  the  health  and  safety  of  persons  employed  in 
^Mh  mines. 

The  Gonmiission  found  the  health  of  the  copper,  tin,  and 
^  miners  in  Cornwall  as  a  class  greatly  inferior  to  that  of 
"Arsons  engaged  in  open  air  employments,  and  in  excess  of 
<xrthem  coal  miners,  the  average  annual  number  of  deaths 
^  1,000  from  all  causes  during  the  five  years  1849-53 
^elusive  being : — 
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Between  15  and  25 

years  . . 

8-90  .. 

8-50 

26  „  36 

8-96  .. 

8-49 

35  „  45 

14-30  .. 

1013 

45  „  55 

33-51  .. 

16-81 

56  „  66 

6317  .. 

24-43 

65  „  75 

111-23  .. 

65-16 

The  average  number  of  deaths  per  1,000  males,  exclusive 
of  miners,  from  all  causes  during  the  three  years  1860-62 
inclusive  being  respectively  750,  832,  1008,  1250,  19-96, 
63-31. 

The  access  and  egress  by  ladders  caused  great  waste  of 
time  and  strength  of  l!he  miner,  the  greatest  depth  to  dimb 
being  then  1,680  feet,  there  being  mines  in  which  three 
hours  were  expended  by  the  miner  in  going  to  and  returning 
from  his  work.  At  some  mines  there  was  a  Fahrkunst  or 
man-engine,  and  at  a  few  the  men  rode  in  a  skip. 

The  ventilation  was  often  very  imperfect.  There  was 
carbonic  acid  given  off  in  Cornwall,  but  not  any  evidence  of 
inflammable  gas. 

The  work  at  the  dressing  floors  above  ground  was  partly 
carried  on  by  a  few  men  disabled  from  working  below,  but 
principally  by  women  and  children,  who  were  remarkably 
healthy. 

In  1866  and  1867  a  Select  Committee  of  the  House  of 
Commons  recommended  further  regulations  as  to  the  employ- 
ment of  boys ;  additions  to  general  rules  for  safety ;  increased 
number  of  inspectors;  weighing  clauses;  exclusion  from 
juries  and  the  bench  of  persons  known  to  be  interested ;  but 
they  did  not  after  careful  consideration  recommend  the 
prohibition  of  the  employment  of  women  on  pit  banks. 

In  1871  the  Royal  Coal  Commission  appointed  to  inquire 
into  the  several  matters  relative  to  coal  in  the  United 
Kingdom,  of  which  I  was  a  member,  reported  that: — 
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Oflsible  depths  of  working  depend  upon  human 
9  of  high  temperatures,  and  upon  the  possibility  of 

the  temperature  of  the  air  in  contact  with  the 
*ata.  The  increase  of  temperature  is  very  irregular, 
erage  may  be  taken  to  be  50°  Fahrenheit  at  a  depth 
50  feet,  and  the  rate  of  increase  of  the  temperature 
ata  in  the  coal  districts  of  England  about  1^  Fahr. 
60  feet  of  depth. 

lantity  of  available  coal  in  the  known  coal-fields  of 
A  Kingdom,  excluding  all  beds  of  coal  of  less  than 
n  thickness,  amounted  to  90,207  millions  of  statute 
depths  not  exceeding  4,000  feet,  and  after  the 

deductions, 
ition  the  probable  amoimt  of  coal  under  Permian 
'  overlying  formations  at  depths  of  less  than  4,000 
73  millions  of  statute  tons,  making  an  aggregate  of 
nillions  of  statute  tons,  which  might  be  reasonably 
to  bo  available  for  use. 

ition  to  which  there  was  and  is  in  the  known  coal- 
ut  7,320  millions  of  statute  tons  at  depths  exceeding 
b. 

here  insert  that  in  1886  the  annual  production  of 
he  United  Kingdom  was  157  million  tons,  from 
ne  idea  may  be  formed  of  the  probable  duration  of 
ields. 

Taste  in  Working  "  the  Commission  Reported  that 
lerally  a  manifest  improvement  was  being  made  by 
sion  of  the  system  of  "  long  wall,"  yet  that  much  coal 
by  bad  working  and  by  carelessness,  the  loss  being 
B  imder  control  and  sometimes  unavoidable.  The 
waste  was  from  pillars  being  crushed,  in  addition 
was  that  from  small  coal  being  left  below  ground, 
led  in  large  heaps  on  the  surface : 
3quisite  holing  or  undermining  being  wastefuUy 
good  coal: 


Coal  being  left  behind  where  it  becomes  onuhed  snd 
unworkable  hereafter,  because  it  is  of  a  kind  that  is  not 
wanted  at  the  time,  or  if  it  were  worked  the  cost  per  ton  of 
the  coal  got  would  be  increased : 

Properties  which  alone  are  too  small  to  form  a  separate 
colliery,  or  a  part  of  a  property  severed  by  a  large  fault, 
being  passed  by  during  the  working  of  the  adjoining  coal 
and  left  unworked : 

Coal  being  left  unworked  through  contention  as  to  which 
of  two  or  more  owners  should  pump  the  joint  water,  and 
portions  of  seams  to  the  dip  rendered  unworkable  by  water 
allowed  to  flow  from  other  properties  when  it  might  be  run 
off  by  free  drainage  or  pumped  at  a  shallow  depth : 

Inundation  by  river,  sea,  or  estuary  breaking  into  the 
workings  consequent  on  the  removal  of  pillars,  or  incautiously 
working  too  near  the  surface ;  also  by  large  areas  of  coal 
which  must  subsequently  be  left  sacrificed  against  such 
inundated  workings: 

Barriers  being  left  around  small  properties,  or  crooked 
boimdaries,  when  a  barrier  properly  laid  out  would  be  more 
economical  and  afford  the  same  or  more  effectual  protection : 

Large  tracts  of  coal  of  uncertain  area  being  left  as  barriers 
owing  to  there  being  no  plans  or  records  available  to  show 
the  extent  of  the  old  workings  or  explorations : 

Also  by  areas  not  sufficiently  proved  to  justify  the  ex- 
penditure for  sinking  pits  being  left  when  sufficient  informa- 
tion might  have  been  obtained  had  the  records  of  previous 
explorations  and  copies  of  the  sections  of  borings  been  pre- 
served in  an  available  form. 

Strata  yielding  a  continuous  supply  of  water  being  pierced 
by  shafts  and  boreholes,  and  left  unprotected  by  water-tight 
casing  or  not  carefully  filled  up  and  puddled  when  the  work- 
ing ceased  or  was  abandoned : 

Main  faults  serving  as  natural  barriers  to  keep  back  water 
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being  eat  thiough,  and  the  eoal  on  the  other  aide  thereby 
flooded. 

In  populous  and  manufactaring  districts  large  areas  of 
eoal  being  left  for  the  support  of  the  surface  and 
buildinga. 

The  Commission  hesitated  to  suggest  how  far  the  legisla- 
tore  may  deem  it  expedient  in  the  public  interest  to  deal 
with  any  of  these  sources  of  waste  by  special  enactment. 

At  the  time  of  this  Commission  the  greatest  depth  attained 
in  any  coal  shaft  in  England  was  2,376  feet. 

The  greatest  depth  reached  now  by  vertical  shaft  is 

2,850  feety  which  is  at  the  Ashton  Moss  Colliery,  Auden- 

iWy  near  Manchester.       Depths  of  3,000  feet  have  now 

reached  in  Pendleton  Colliery,  Manchester,  but  nearly 

0X3e  half  of  that  is  by  inclines  underground. 

Since  the  report  was  made  many  collieries  have  been 
^^orked  out  and  the  shafts  filled  up,  leaving  scarcely  a 
^v-^stige  except  plans  to  show  where  some  of  the  finest  and 
^ttsiest  accessible  coal  has  been  obtained. 

In  1872,  was  passed  the  Coal  Mines  Regulation  Act,  1872, 

3£  and  36  Yict.,  c.  76,  which  consolidated  and  amended  the 

former  Acts,  repealing  the  whole  of  the  5  and  6  Yict.,  c.  99, 

«uid  the  whole  of  the  25  and  26  Yict.,  c.  79.     In  this  Act 

^noaoagers  were  first  required  to  be  certificated,  and   the 

general  rules  relating  to  safety  increased  to  thirty-one. 

In  1872  was  also  passed  the  Metalliferous  Mines 
Begolation  Act,  1872,  35  and  36  Yict.,  c.  77,  comprising  all 
^'ues  not  included  in  the  Coal  Mines  Act. 

After  the  passing  of  these  two  Acts  of  1872,  two  inspectors 
Qi  metalliferous  mines  only  were  appointed ;  and  each  of  the 
^olve  existing  inspectors  of  coal  mines  were  appointed 
^^'speotors  of  metalliferous  mines  also,  and  to  each  of  these 
^W'elve  was  appointed  one  inspector  to  assist,  making  the 
^tal  number  of  inspectors  twenty-six. 
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Ireland  became  comprised  in  the  inspection  under  these 
Acts  of  1872,  and  was  assigned  to  me. 

Supplementary  Amending  Acts  to  the  Metalliferoiu 
Mines  Regulation  Act,  1872,  were  passed,  namely,  in  1875, 
the  38  and  39  Yict.,  c.  39,  as  to  the  annual  returns,  and  in 
1882,  the  Slate  Mines  (gunpowder)  Act,  1882,  45  Yiet, 
c.  3. 

These  were  followed  by  Supplementary  Amending  Acts 
to  the  Goal  Mines  Act,  1872,  namely,  in  1881,  tbe 
Stratified  Ironstone  Mines  (gunpowder)  Act,  1881,  44  and 
45  Yict.,  c.  26;  and  in  1886,  the  Goal  Mines  Act^  1886,  48 
and  50  Yict.,  c.  40. 

In  1873  a  Select  Committee  of  the  House  of  CommoDS 
reported  on  coal,  chiefly  in  connection  with  the  consomption 
and  temporary  scarceness  of  coal  and  consequent  high  prices 
and  wages,  the  selling  price  in  London  having  gone  up  fiom 
an  average  of  188.  or  198.  to  32s.  6d.,  and  miners  wages  up 
to  a  gold  coin  for  a  days  work. 

The  Committee  expressed  their  belief  that  the  true  policy 
of  the  country  and  the  best  inducement  to  the  proper 
conduct  of  business,  as  well  as  the  greatest  stimulus  to  ft 
return  to  a  more  just  balance  between  supply  and  demand) 
was  to  leave  the  trade  free,  and  to  maintain  an  inflexible 
resolution  of  non-interference  on  the  part  of  the  State. 

In  1885,  seven  additional  inspectors  were  appointed,  being 
selected  from  among  persons  holding  managers'  certificates^ 
one  being  assigned  to  assist  in  each  of  the  large  districts} 
making  the  total  number  of  inspectors  thirty-three. 

In  1886,  a  Royal  Commission  reported  on  accidents  i^ 
mines  and  the  possible  means  of  preventing  their  occurreac^ 
or  limiting  their  disastrous  consequences,  they  having  mad-^ 
a  preliminary  report  in  1881  dealing  with  the  matter  i^ 
question.     Experiments  with  safety  lamps  and  explosiv^^ 
were  made  on  an  elaborate  scale,  and  information  obtain^^ 
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on  the  yarious  matters  referred  to  them,  some  of  the  results 
being  incorporated  into  the  Coal  Mines  Regulation  Act, 
1887. 

In  1887  has  been  passed  the  Goal  Mines  Regulation  Act, 
1887y  60  and  51  Yict ,  c.  58,  which  comes  into  operation  on 
file  Ist  January,  1888,  repealing  and  re-enacting  with 
amendments  the  Coal  Mines  Acts  of  1872,  1881,  and  1886. 
In  this  Act,  certificated  under  managers  are  introduced 
in  addition  to  the  managers,  and  the  general  rules  relating 
to  safety  are  increased  to  thirty-nine.  Boys  are  not  to  be 
employed  under  12  years  of  age,  and  persons  for  working 
the  machinery  for  lowering  and  raising  persons  are  to  be 
males  as  before,  but  to  be  22  years  of  age  or  more,  those 
boys  between  10  and  12  and  the  enginemen  of  18  years 
already  employed  being  exempted. 

In  addition  to  the  Committees  of  the  House  of  Lords  and 
Oommons  and  Royal  Conmiissions  and  the  mining  institutes 
mentioned,  other  mining  institutes  have  collected  and 
diffused  most  important  and  valuable  information  on  various 
branches  of  mining.  The  miners'  unions  and  federations, 
^d  some  persons  acting  singly,  have  also  assisted  greatly 
in  the  progress  which  has  been  made. 

Two  special  subjects  require  commenting  upon,  namely, 
mine  ventilators  and  safety  lamps,  before  entering  upon  the 
<^Qiiclnding  part  of  this  address. 

Vbntilatobs: — ^TJp  to  fifty  years  ago,  in  England  the 
principal  ventilating  power  used  was  the  furnace.  Mr. 
huddle's  paper  1814  shows  this,  and  in  the  1885  Committee 
Report  drawings  of  it  are  shown  with  a  dumb  or  pipe  drift 
f CUT  air  from  gaseous  mines  to  pass  clear  of  the  fire. 

The  mechanical  ventilators  such  as  fans,   pumps,   and 
crater-blast  then  used  were  only  on  a  small  scale. 

The  same  may  be  said  as  to  steam  which  at  first  seems  to 
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have  been  used  as  heating  power  only,  and  not  as  blast  vntQ 
afterwards  except  the  discharged  steam  from  engines. 

The  first  large  mechanical  ventilators  which  came  mider 
my  notice  were  the  Biram  fan,  the  Nasmyth  &n,  and  the 
Struv^  air  pump. 

The  StruY^  had  two  large  cylinders  made  of  thin  wrongbt 
iron,  which  worked  up  and  down  in  a  disc  of  water,  and  had 
large  lightly  framed  inlet  and  outlet  valves  placed  vertically. 
Several  of  these  were  worked  about  30  years  ago. 

The  Biram  fan  was  self-contained  and  worked  horizontaUyy 
the  Waddle  and  the  Bammell,  introduced  a  few  years  after- 
wards, being  of  like  principle,  but  working  vertically. 

These  were  followed  by  one  or  two  large  horizontal  pump^^^ 
one  of  the  earliest  of  which  (Nixon's),  is,  I  believe,  stiU  Sr"^ 
work  at  Navigation  Colliery,  in  South  Wales. 

At  the  continental  mines  to  which,  in  conjunction  wifc:^^ 
the  late  Mr.  Mackworth,  I  was  sent  on  a  mission  by  Loi 
Palmerston,  to  Belgium,  France,   and  Germany,  early  i 
1853,  we  found   mechanical   ventilation   very  common  ii 
Belgium.     They  were  all  exhausting   air,  and  they  wc 
seven  in  number,  as  described  by  us  and  given  in  the  repoi 
of  the  Committee  of  the  House  of  Commons,  1853,  namely:- 

The  Fabry,  which  had  two  shafts  revolving  in  oont 
directions,  with   three   vanes   fitted   to  each  shaft,  whi( 
isolated  and  discharged  the  return  air. 

The  Letoret,  which  was  a  fan  with  the  vanes  carried  oi 
at  right  angles  about  half  way,  and  were  then  bent  back 
an  angle  of  110°,  resembling  the  Nasmyth  fan  in  Englanc 
except  in  the  angle  of  the  vanes. 

The  Pasquet,  with  three  revolving  vanes  on  the  princi] 
of  the  revolving  chimney  top ;  but  a  large  one  was 
constructed  with  six  vanes,  resembling  the  Biram  fan 
England. 

M.  Pasquet  had  also  a  ventilator  similar  to  the  Fabry. 


The  Lesaoiney  similar  to  the  Pasquet,  but  with  more  yanes, 
reaembling  the  Biram. 

The  Motte,  on  the  principle  of  the  archimedean  screw. 

The  Piston  and  Wooden  cylinder,  which  had  been  at  work 
18  years  near  Lidge  without  any  failure.  This  was 
similar  to  the  one  shown  by  Mr.  Buddie,  but  differed 
from  Mr.  Struy^'s  by  haying  the  yalyes  horizontal  instead 
erf  yerticaly  and  by  not  working  in  water  to  preyent  leakage. 

The  Lamielle,  then  a  new  yentilator  with  a  reyolying 
hexagonal  cylinder,  the  sides  of  which  opened  and  shut  by 
AH  eccentric,  by  which  the  air  was  isolated  and  thrown 
crai 

These  yentilators  were  then  working  with  a  water  gauge 
luider  3^  inches,  and  the  maximum  amount  of  air  obtained 
^^TBM  38,000  cubic  feet  of  air  per  minute,  which  was  by  a 
Hietoret. 

At  the  time  of  the  Committees  of  1852  and  1853-54  the 
A=tbeam  jet  was  tried  as  yentilating  power  on  a  large  scale. 
1'he  principal  places  where  I  witnessed  it  were  at  Seaton 
XMayel,  in  Northumberland,  by  Mr.  T.  E.  Forster ;  Hetton, 
ixi  Durham,  by  Mr.  Nicholas  Wood ;  Ince  Hall,  in  Lanca- 
^Lfcure,  by  Mr.  James  Darlington ;  and  at  Worsley,  by  Mr. 
^^ereday  Smith.  The  best  of  these  appliances  I  considered 
"^^^  be  at  Ince  Hall,  where  the  cone  of  steam  from  the  jets 
^^isaed  into  zinc  cylinders,  each  six  feet  long  by  one  foot  in 
^Jameter,  the  jets  being  placed  fifteen  inches  outside  of  the 
^^3rlinders,  drawings  and  details  of  which  are  giyen  in  the 
lS63  Committee  Report. 

In  1855  a  steam  heater,  consisting  of  a  grating  of  pipes 
^«ated  with  steam  around  the  upcast  shaft,  was  applied  at 
"ttie  Vron  Colliery,  in  North  Wales. 

Commencing  in  the  year  1861,  my  colleague,  the  late 

^f  T.  John  Job  Atkinson,  and  myself,  made  experiments  with 

^ome   yentilating    furnaces,    and    all    the    known    mine 
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ventilators  then  in  use  in  England  and  in  Belgiuniy  FraQoe, 
and  Germany. 

On  making  a  second  visit  to  the  mines  on  the  continent 
in  1862,  and  a  third  in  1863,  I  found  that  an  air  pump 
called  the  Mahoux,  worked  horizontally  like  the  Nixon,  had 
been  used  rather  extensively,  but  that  it  and  some  of  the 
others  were  being  discontinued,  and  the  fan  principle  most 
approved  of. 

It  would  be  needless  to  go  over  the  details ;  suffice  it  ti> 
say  that  fans  on  the  principle  of  the  present  Guibal,  tho 
Waddle,  and  the  Schiel^  were  found  to  utilise  the  mosfc 
power. 

These  fans,  with  improvements,  together  with  other  fans^ 
are  now  the  approved  ventilators  in  the  United  Kingdom, 
and  are  steadily  superseding  the  furnace ;  although,  foi* 
small  amounts  of  air,  pumps,  water-blast,  steam  jet,  anJ- 
such  like  are  still  used  with  advantage. 

The  First  Safety  Lamp  appears  to  have  been  invented^ 
by  Dr.  Clanny,  in  1813,  but  it  was  cumbersome  and  had  to^ 
be  fed  with  air  forced  through  water  from  a  bellows,  and 
was  entirely  different  to  the  lamp  now  called  the  Clanny, 
which  is  on  the  principle  of  the  Davy. 

In  1816  Sir  Humphrey  Davy  and  Mr.  George  Stephenson 
made  their  inventions  of  safety  lamps.  The  Davy  depended 
on  the  principle  that  flame  will  not  readily  pass  through 
wire  gauze,  and  the  Stephenson  that  it  will  not  pass  through 
tubes  of  a  certain  diameter.  Since  then,  the  same  principle 
has  been  introduced  in  a  variety  of  ways  into  many  other 
lamps  bearing  various  names. 

In  1833  Dr.  Priara  made  experiments  with  the  Davy* 
lamp  in  explosive  coal  gas  which  showed  that  it  was  nod 
safe  in  quick  currents. 

The  1835  Committee  of  the  House  of  Commons  pointea 
out  that  the  principle  of  the  construction  of  the  safety  lamf 
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■i 

I      ippeared  to  have  been  practically  known   to  Clanny  and 

Stephenson  previously  to  the  period  when  Davy  brought 

his  powerful  mind  to  bear  upon  the  subject  and  produced  a 

lamp  which  will  hand  down  his  name  to  the  latest  ages. 

Thejr  had  also  before  them  the  contingencies  in  mining 

under  which  the  lamp  ceases  to  afford  adequate  protection, 

of  the  possible  existence  and  nature  of  which  contingencies 

tlie  Committee  ascertained  that  the  inventor  was  well  aware, 

ind  they  regretted  that  the  cautions  he  gave  to  some  of  his 

inimediate  friends  were  not  made  more  public:     Also  the 

difficulty  in  comparison  with  the  common  candle  in  bringing 

tbe  Davy   lamp  into   use  :     Also   many   improved   lamps 

calculated  to  lessen  the  number  of  daugerous  contingencies, 

^  being  extensions  of  the  same  principle.     The  lamps 

pitMiuced  were  by  Upton  and  Roberts,  Newman,   Martin, 

Douglas,  Wood  and  Dillon.     The  lamps  of  Dr.  Clanny  and 

Ayres  were  provided  with  mechanical  contrivances  intended 

^  exclude  danger  which  might  overcome  the  safety  principle 

^d  at  once  warn  the  miner  by  the  extinction  of  his  light. 

Experiments  were  made    before    the    Committee    at    the 

^udon  University,  which,  although  not  quite  satisfactory, 

^ere  such  as  produced  explosion  of  the  gas:s  within  each  of 

^e  lamps,  and  externally  also,  in  every  one  save  Messrs. 

^pton  and  Roberts's,  of  the  paramount  merits  of  which  the 

Committee  were  decidedly  convinced.     The  introduction  of 

^i  glass  was  not  then  new ;  the  novelties  were  the  shape  of 

the  glass,  the  collar  which  regulated  the  admisHion  of  air  or 

B^  to  the  cotton  wick  and  the  double  tissue  of  gauze  beneath 

^e  wick  which  prevented  firing  backward.    The  Committee 

^^  also  the  statement  of  Mr.  Buddie  before  them  that  tin 

fields  and  a  partial  concealment  of  the  lamp  under  their 

^^^Q8s  constituted  the  prudential  precautions  taken   by  the 

miners  in  dangerous  situations  to  prevent  the  flame  passing 

^e  gauze  when  the  lamp  is  agitated. 

18 
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In  1850,  in  South  Staffordshire,  as  preyionsly  stated,  I 
found  the  Davy  with  single  gauze  was  distrusted,  lamps 
with  two  gauzes  being  used  for  testing. 

The  1852  Committee  of  the  House  of  Commons  reported, 
that  where  a  proper  degree  of  ventilation  does  not  eodst  in  a 
mine  the  Davy  lamp  or  any  modification  of  it  must  be 
considered  rather  as  a  lure  to  danger  than  as  a  perfect 
security,  it  is  practically  secure  in  a  still  atmosphere,  and  in 
the  hands  of  a  cautious  man  is  an  admirable  instrument  for 
exploring  or  as  an  indicator  of  danger,  but  in  a  current  as 
admitted  by  its  inventor  it  is  not  a  security,  and  in  the  hands     Mi^ 
of  an  ordinary  workman  when  danger  is  threatened  is  not 
improbably  the  very  cause  of  the  explosion  which  it  is 
intended  to  prevent.     They  recommended  a  lamp  of  greater 
reflecting  power,  which  would  admit  of  a   double  gan^^ 
protection. 

The  Transactions  of  the  North  of  England  Institute  o^ 
Mining  Engineers  set  forth  that  in  1853  a  series  of  expert'' 
ments  were  made  with  various  safety  lamps  by  Mr.  T.  JT^ 
Taylor  and  Mr.  Nicholas  Wood  in  fire-damp,  which  shower- 
various  rates  at  which  flame  passed  in  an  explosive  mixture^^^ 
the  passing  being  quicker  in  coal  gas  than  in  fire-damp. 

The  Committee  of  the  House  of  Commons  in  1853-54 
detailed  to  them  the  results  of  experiments  conducted  b; 
Messrs.  Wood  and  Elliot,  to  test  the  powers  of  resisting  o» 
all  the  lamps  which  up  to  that  time  had  been  invented,  an< 
concluded  to  the  effect  that  safety  lamps  added  largely 
the  security  from  explosion,  and  can  be  used  without  ma<v 
if  any  extra  cost  over  the  naked  light,  but  that  the  ventil 
tion  should  be  so  good  that  under  ordinary  circumstances  ^^St 
would  be  safe  to  work  with  naked  lights,  and  that  safet::-  ^ 
lamps,  however  valuable,  should  not  be  relied  upon  for  tfc^*-® 
preventing  of  explosions. 

In  1863  a  committee  of  the  North  of  England  Institu 
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of     Mining    Engineers,    in    which    Mr.    Lindsay    Wood 
took  an   actiye  part,  made  an  extensive  series  of  experi- 
ments   in   the  Eppleton  Pit,   Hetton   Colliery,   in   which 
similar    results     were     ascertained.      These     experiments 
were  made  first  by  revolying  the  lamps  in  a  box  con- 
taining   a    mixture    of    fire-damp,     and    afterwards    by 
placing  the  lamps  in   a  pipe  through  which  the  inflam- 
mable mixture  was  passed.      A   report  is    given  in   the 
Society's  Transactions,  in  which  the  committee  made  known 
"the  insecurity  not  previously  fully  appreciated  and  realised 
of  the  safety  lamps  so  long  looked  upon  as  the  safeguard  of 
the  miner." 

In  1879  Messrs.  William  Smethurst  and  James  Ashworth 

communicated  to    the  Manchester  Geological   Society   an 

aocount  of  the  elaborate  series  of  experiments  made  by  them 

ttt  various  times  in  the  presence  of  large  numbers  of  mining 

engineers,  colliery  managers,  and  others,  at  Brynn  Colliery, 

lAncashire,   with  fire-damp  direct  from  a  blower  in  the 

Wigan  Six  Feet   (9ft.,   or  Trencherbone)    mine.      These 

experiments  showed  that  various  lamps  passed  the  flame 

i&  certain   currents,   some   withstanding  it  for    a   longer 

time  than  others,  the  Davy  passing  it  at  velocities  varying 

fcom  360  to  600  feet  per  minute,  depending  on  velocity, 

^ ;  the  Scotch  gauze  lamp,  180  to  600 ;  the  Clanny,  400 

^  600 ;  the  Stephenson  in  a  few  tests  went  out ;  but  in  the 

Williamson,  which  is  constructed  on  the  same  principle, 

fl^me  passed  at  450.     Others,  as  recorded  in  the  Transactions, 

^^ood  600,  and  in  some  the  light  went  out. 

They  showed  also  that  the  ordinary  lamp  shield  encircling 
^bout  two-thirds  of  part  of  the  lower  gauze  is  no  safeguard 
^^  all,  and  that  a  cylindrical  glass  shield  encircling  the 
^We  only  becomes  a  safeguard  when  it  overlaps  the  top  or 
^p  gauze  to  the  extent  of  half  an  inch  more.  In  acknow- 
^^dgrnent  of  the  services  rendered  to  the  mining  conmiunity 
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by  these   experiments,    Mr.  Smethorsty   then  an  ordinary 
member  of  this  Society,  was  elected  a  free  life  member. 

Similar  experiments  have  also  been  made  by  Mr.  Bhodei, 
at  Bamsley,  and  by  Mr.  Green,  at  Celynen  Colliery,  where 
in  1883  and  for  some  years  prior  thereto  the  lamps  to  be 
used  on  each  shift  have  been  tested  in  an  explosive  currait 

In  1876  and  at  other  times  experiments  have  been  made 
by  the  Belgian  Government. 

The  Accidents  in  Mines  Commission  visited  B171UI 
Colliery  and  made  experiments  with  Messrs.  Smethorst  and 
Ashworth's  apparatus,  and  afterwards  at  Woolwich  and 
elsewhere. 

The  Commission  reported  in  1886  that,  ''It  has  long  been 
known  that  if  the  atmosphere  becomes  inflammable  the  DaTj 
and  Clanny  lamps,  and  in  less  degree  the  Stephenson  lampi 
are  unsafe  in  currents  having  velocities  much  below  thoae 
encountered  in  well  ventilated  mines.  Our  expeiimeDts 
fully  confirm  this.  The  ordinary  Davy  lamp  becomes  unsafe 
before  a  velocity  of  400  feet  per  minute  is  attained.  The 
ordinary  Clanny  lamp  will  almost  certainly  cause  an 
explosion  in  a  current  having  a  velocity  of  600  feet  per 
minute.  A  Stephenson  lamp  will  frequently  cause  an 
explosion  in  a  current  with  a  velocity  of  800  feet  per 
minute." 

My  own  annual  reports,  long  ago  and  recently,  ha^^ 
reported  explosions  of  fire-damp  in  mines  by  passage  ^^ 
flame  through  the  gauze  of  the  Davy. 

The  testimony,  therefore,  of  Sir  Humphrey  Davy  himsd^* 
Select  Committees  of  the  Houses  of  Lords  and  Commot^^ 
Mining  Engineers,  Mining  Institutes,  and  the  CommissiO"^ 
have  all  shown  that  the  Davy  and  other  lamps  are  not  s^^^ 
in  certain  currents  which  are  met  with  in  certain  min^'^ 
The  Coal  Mines  Regulation  Act,  1887,  now  requires  tl^^^ 
on  its  conmiencement  1st  January,  1888,  safety  lamps  sh^^ 
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be  60  oonBtmcted  that  they  may  be  safely  carried  against 
the  air  current  ordinarily  prevailing  in  that  part  of  the 
mine  in  which  the  lamps  are  for  the  time  being  in  use,  even 
though  such  current  should  be  imflammable. 

Conclusion. 

It  thus  appears  that  progress  in  geology  and  mining  has 
been  gradual,  and  more  by  the  development  of  original 
principles  than  in  making  new  discoveries.  Also  that 
geology  was  at  first  studied  more  as  a  collateral  branch 
of  mining  than  as  a  science  in  itself. 

The  very  earliest  writers,  as  I  have  shown,  record  that 
mining  was  practised,  and  that  according  to  Agricola  in 
1556,  the  main  principles  were  then  understood,  and  also 
the  dressing  and  smelting  of  ores. 

The  old  process  of  proving  ground  by  boring  with  rods 
Vkd  a  spring  pole  is  still  practised,  but  within  the  last  fifty 
fears,  the  rope  with  steel  cutters,  and  the  hollow  rotating 
lode  with  the  diamond  crown,  have  expedited  the  process 
ttnd  enabled  depths  previously  supposed  inaccessible  to  be 
i^eaohed,  and  very  much  better  cores  of  the  strata  to  be 
brought  to  the  surface. 

The  landing,  tipping,  and  dressing  of  minerals  are  subjects 
in  themselves.  Suffice  it  to  say  that  improvements  are  being 
tiade  almost  from  day  to  day,  chiefly  in  the  extended  use  of 
Kiachinery. 

The  pick,  hammer,  and  wedge  remain  as  of  old,  with 
tiiprovement  in  the  wedges. 

Machines  for  cutting  coal  and  some  other  minerals  have 
^cen  introduced,  and  are  a  partial  success. 

Drills  continue  as  of  old,  but  machine  drills  worked  by 
Umd  and  by  compressed  air  are  also  used,  and  when  suited 
or  the  ground  to  be  pierced  they  greatly  expedite  work  and 
esflen  labour. 

Softening  rooks  by  fire  has  disappeared.    Gunpowder 
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succeeded.  Now  there  is  compressed  or  bobbin  powder,  and 
high  explosives  under  various  names,  and  for  gaseous  minei 
the  high  explosives  in  the  Settle's  and  other  water  cartridges 
There  is  also  the  probability  of  explosives  coming  into  tub 
which  without  the  addition  of  water  will  not  inflame  fire- 
da  mp. 

Sinking  shafts  is  chiefly  done  as  of  old.  Sinking  with 
guides  and  a  loose  carrier  was  being  practised  when  I  came 
to  Lancashire  in  1850.  The  combined  arrangement,  by  Mr. 
Oalloway,  of  the  carrier  and  the  movable  scaffold  quickais 
the  progress  of  the  work  and  makes  it  safer.  There  is  alflo 
the  Eind-Chaudron  process,  for  ground  highly  charged  with 
water,  which  is  done  from  the  surface,  like  boring. 

Instead  of  the  strata  sunk  through  in  collieries  being 
often  left  naked  as  of  old,  with  stones  not  unfrequendy 
falling  therefrom,  modem  shafts  are  nearly  all  cased  or 
lined  throughout. 

Wooden  casing  or  tubbing  and  stone  with  cement  work, 
to  keep  back  water,  the  commencement  of  the  use  of  wUch 
cannot  be  fixed,  are  still  used.  Iron  cylinders  were  afte^ 
wards  introduced,  and  then  the  making  of  them  in  segm^tB 
introduced  by  Mr.  Buddie  ;  which  was  followed  in  1845,  br 
Mr.  Arthur  Anderson,  introducing  iron  cylinders  into  the 
rock  salt  mines  of  Northwich. 

The  generation  of  steam  is  now  greatly  economised  hv 
improved  boilers ;  and  every  boiler,  whether  it  is  worked 
alone  or  as  one  in  a  range,  must  have  a  proper  steam  gsxip 
and  safety  valve,  and  also  a  water-gauge  to  show  the  exact 
height  of  water  ;  and  nearly  every  one  has  a  mouthpiece  or 
a  strengthening  rim  round  the  manhole,  which  was  not  so 
37  years  ago,  and  by  means  of  which  explosions  have  been 
much  lessened  in  number. 

The  steam  engine  has  come  into  use  since  Agrioob^ 
time,  and  now,  instead  of  single  winding  engines  a  p^^ 
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ipled  together  is  preferred,  and  each  engine  or  pair  of 
ginee  most  have  an  indicator  to  show  the  position  of  the 
id  in  the  shaft,  which  was  not  obligatory  in  1850. 

Winding  dmms  and  pit  head  pulleys  have  greatly 
creased  in  size,  and  ropes  when  requisite  are  counterpoised 
her  by  means  of  conical  or  spiral  drums,  or  by  balance 
pes  underneath,  as  with  chains  in  the  old  water-balance 
te,  or  by  a  continuous  rope  on  what  is  called  the  Eoepe 
stem. 

For  winding.  Hoop  iron  rivetted  together  into  bands 
hioh  was  used  for  winding  on  inclines  in  Lancashire  until 
W 1850,  and  prior  to  that  time  in  shafts,  has  disappeared. 

Single  linked  chains  are  still  used  as  coupling  chains,  and 
<r  various  purposes,  but  have  long  been  forbidden  by  the 
ining  Acts  for  winding  men  in  shafts. 

Double  and  treble  linked  flat  chains,  similar  to  what  were 
led  in  1556,  and  commonly  used  in  an  improved  form  in 
iaffiordshire  in  1850,  are  still  allowable  for  winding  men. 
Hemp,  which  was  so  long  the  favourite  material  for  rope, 
18  gradually  given  place  to  wire,  even  at  rock-salt  mines 
bere  iron  is  more  liable  to  rust. 

Iron  wire  ropes,  which  to  a  great  extent  supplanted 
^p,  are  now  in  turn  giving  place  to  steel. 
Endless  chains  which  in  Lancashire  after  1850  were  used 
f  winding  coal  from  fully  200  yards  in  depth,  and  were 
^erred  for  the  regularity  in  delivery  of  tubs,  are  but 
tie  used  now  and  only  for  shallow  depths. 
Open  shafts,  a  few  only  having  iron  guide  rods  fifty  years 
{0,  in  which  the  basket  or  corf  for  winding  coal,  and  chain 
ops  in  which  men  each  put  a  leg  and  rode  in  groops  and 
ors  like  a  string  of  onions,  have  now  disappeared  at  deep 
ines ;  and  in  shafts,  some  fitted  with  guides  made  of  iron 
^  for  moderate  depths,  and  wooden  conductors  or  wire 
^  for  any  length,  the  descent  and  ascent  is  now  made  in 
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oages  with   safety   and  comfort  at  speed  varying  to  thi 
rate  of  about  thirty  miles  an  hour. 

In  the  shafts  at  some  metalliferous  mines  and  some 
mines  on  the  continent,  the  Fahrkhunst  or  man  engine^, 
with  movable  rods,  like  pump  rods,  and  platforms  affixed^ 
have  superseded  the  laborious  work  of  climbing  by  ladders^ 
and  at  a  few  shafts  men  ride  in  the  skip. 

The  original  safety  catch,  invented  by  Fourdrinier,  fbr-^ 
catching  the  load  in  the  event  of  breakage  of  the  winding* 
rope,  has  long  since  disappeared  on  account  of  its  catching' 
at  times  without  breakage    having    occurred;    but    with 
wooden  conductors  the  safety  catch  on  Owen's  principle,  th» 
patent  right  of  which  has  long  ago  expired,  is  used  exten- 
sively in  the  Manchester  district  and  is  found  to  work  safely 
and  well. 

Safety  hooks  or  apparatus  for  disconnecting  the  load  and 
catching  it  before  reaching  the  pulley,  in  the  event  of  over- 
winding, are  becoming  common ;  and  when  attended  to  and 
kept  in  order,  and  the  speed  on  reaching  the  hooks  is  slow, 
are  found  to  answer  the  purpose  intended. 

Wooden  pump  trees,  as  used  in  the  sixteenth  century, 
and  still  used  to  some  extent,  have  been  almost  entirely 
superseded  by  iron,  even  for  brine ;  but  where  water  is 
saturated  with  acid  which  a£Eects  iron,  as  in  some  copper 
and  iron  pyrites  mines,  where  iron  rails  must  be  kept  dear 
of  water,  the  iron  pump  trees  are  cased  with  wood. 

Engines  below  ground  are  numerous,  and  are  worked  by 
steam  generated  either  in  the  mine  or  piped  down  the  shaft. 
Air  engines  are  also  worked  below  ground,  the  compression 
being  generally  done  above  groimd.  Power  is  also  conveyed 
down  the  shafts  by  means  of  single  ropes  and  endless  ropes, 
and  for  shallow  depths  by  rotating  rods. 

For  conveyance. — Barrows  and  sledges  with  wheels 
running  on  the  ground  in  1556  were  afterwards  made  to 
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D  on  prepared  ways.  Wooden  rails  were  introduoedy  then 
an  rails,  and  ultimately  the  edge  raiL  Bolleys  carrying 
rves^  have  giyen  place  to  the  tub  waggon  made  of  wood  or 
»n ;  and  above  ground  the  old  chaldron  waggon  (except  in 
urthnmberland  and  Durham)  is  substituted  by  the  railway 
iggon,  but  the  old  North  of  England  gauge  of  4  feet  8^ 
;he8  is  still  the  standard,  except  in  Ireland. 
Soraes  are  still  numerously  employed  in  mines,  and  are 
aerally  sleek  and  glossy. 

ICineral  is  extensively  conveyed  below  ground  by 
diinery  with  single  rope,  chain,  tail  rope,  endless  rope, 
lless  chain,  gigs  or  self  acting  inclined  planes,  and  by 
line  worked  by  windlass. 

[n  thin  seam  mines,  where  there  is  difficulty  in  making 
)  travelling  ways  high  enough  for  persons  walking,  even 
a  stooping  position,  and  where  the  distance  is  long,  as  in 
tie  of  the  Lancashire  mines,  each  man  has  his  four-wheeled 
Ige  or  tram  without  sides,  on  which  he  rides  to  and  from 
place  of  work,  and  it  is  a  curious  sight  to  see  one  or  two 
adred  persons  riding  each  on  his  own  tram  at  quick  speeds, 
to  see  all  the  trams  put  up  when  work  is  over. 
Disallowing  boys  between  10  and  12  years  of  age  from 
rking  in  these  thin  seams,  may,  it  is  apprehended, 
uriously  affect  the  obtaining  of  trained  miners  for  such 
ims,  it  being  found  requisite  to  accustom  the  muscles  to 
)  work  when  persons  are  young.  Possibly  something  may 
done  by  increasing  the  height  of  the  roadways. 
Working  coal  by  wide  work  or  long-wall  has  become 
nmon  in  districts  where  fifty  years  ago  it  was  considered 
ipplicable,  and  in  very  deep  mines  few  permanent  road- 
ys  are  made  without  packing  or  stowing  at  each  side 
lioh  receives  the  pressure  and  leaves  the  roadway  free  from 
AS  if  in  the  centre  of  a  pipe. 

Over-cutting,  called  stoping,  or  stooping — ^that  is,  working 
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in  veins  or  steep  seams  so  as  to  allow  the  mineral  to  hJl 
where  that  system  is  found  eoonomical,  has  to  a  great  extent 
superseded  under-cutting,  but  not  with  the  same  advantage 
of  securing  the  roof  against  falls  of  rock  or  mineraL 

Rubbish  for  stowing  is  occasionally  taken  into  the  mine 
from  above  ground. 

Spades  with  the  handle  and  shovel  cut  out  of  solid  oak  or 
other  hard  wood,  occasionally  found  in  very  old  workings 
and  attributed  to  the  Romans,  or  pre-historic,  are  a  thing  of 
the  past  for  mining. 

Hoods,  to  enable  the  wearers  to  enter  dangerous  gases, 
and  lamps  for  lighting,  by  means  of  air  to  be  either  carried 
or  piped,  referred  to  by  the  Lord's  Committee  in  1849,  and 
afterwards,  have  had  another  invention  added  of  compressed 
oxygen  gas  and  lime  by  M.  Fleuss,  in  which  the  breathing 
and  lighting  medium  is  oxygen  gas.  None  of  these  have, 
however,  as  yet  come  into  common  use ;  but  divers  with  suit- 
able dresses  and  appliances  are  occasionally  employed  in 
mines,  especially  for  going  under  water  when  pumps  have 
become  disarranged. 

Record  plans  and  sections  of  abandoned  mines  have  how 
to  be  deposited  in  the  Home  Office,  Whitehall,  where  for  the 
first  ten  years  they  are  private,  imless  with  consent  of  the 
owners,  after  which  time  they  are  available  for  public 
inspection. 

Swing  doors,  hung  in  the  roof  or  placed  in  a  recess  at  the 
side,  for  replacing  quickly  doors  that  might  be  blown  out  by 
an  explosion,  as  recommended  by  Mr.  Buddie,  have  been  and 
are  occasionally  used,  but  are  not  common. 

Tarpaulin,  some  of  it  non-inflammable,  is  extensively  used 
for  bratticing  air  forward  instead  of  wood,  and  for  air 
screens  instead  of  doors. 

For  air  screens,  strong  leather  is  occasionally  substituted 
for  tarpaulin,  and  with  casing  at  each  side  to  prevent  air 
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escaping  when  the  screen  is  being  lifted  is  very  durable, 
and  well  adapted  for  self-acting  and  engine  planes. 

Safety  lamps  of  improved  construction  and  more  illumi- 

• 

nating  power,  such  as  the  Mueseler  or  Belgian  lamp,  and 
the  Protector,  have  been  in  use  for  some  years  past,  and 
afterwards  in  1883  the  Marsaut  came  into  general  use  at 
the  Altham  Colliery,  in  Lancashire.  These  and  similar 
lamps  are  rapidly  supplanting  the  Davy,  the  Stephenson, 
and  the  Clanny,  except  that  the  Davy  is  still  preferred  by 
many  persons  for  testing. 

The  test  of  withstanding  the  current  of  air  ordinarily  met 
mth  in  the  mine,  even  if  it  be  explosive,  required  by  the 
Coal  Mines  Regulation  Act,  1887,  will  necessitate  great 
changes  in  lamps.  The  Stephenson  will  perhaps  be  difficult 
to  modify.  The  Clanny  will  have  to  be  bonneted,  and 
apparently  a  double  gauze  added  for  some  currents.  The 
]>avy  will  require  in  such  currents  either  the  tin  can,  the 
encircling  glass  cylinder  up  to  and  a  little  above  the  cap  or 
emoke  gauze,  and  in  some  currents  it  may  be  a  double 
lx>ttom  gauze  in  addition. 

The  electric  light  is  now  used  at  a  few  collieries  for 

lighting  near  the  shafts,  and  the  portable  electric   safety 

lamp  is  used  in  a  few,  but  an  increasing  number,  of  instances. 

The  latter  are  made  to  bum  about  ten  hours,  and  it  appears 

that  before  becoming  exhausted  ample  warning  is  given  by 

a  change  in  the  colour  of  the  light.     For  drawing  props  and 

other  work  requiring  a  good  light,  this  lamp  seems  very 

valuable.     The  mode  of  using  the  lamps  is  easily  learned, 

one  of  the  principal  precautions  enjoined  being  that  they 

should  be  kept  charged  when  out  of  use. 

Fire-damp  indicators  have  been  invented  and  tried,  but 
cannot  be  said  to  have  come  into  practical  use. 

The  light  in  the  electric  safety  lamp  being  enclosed  in  a 
vacuum,  will  need  some  supplementary  appliance  for  testing, 
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and  possibly  some  of  the  present  indicators  may  become 
practically  available.  Meanwhile  there  are  safety  lamps 
which  give  light  and  at  the  same  time  afford  an  admirable 
practical  test  of  the  state  of  the  air. 

Measuring  the  velocity  of  air  currents  was  formerly  done 
by  measuring  the  velocity  by  powder  smoke,  or  by  balloons, 
or  by  carrying  a  candle  in  the  current  so  that  the  flame 
bums  upright,  the  latter  method  being  still  commonly 
practised  as  a  rough  test. 

Anemometers  are  now  in  common  use.  The  first  two 
that  came  under  my  notice  nearly  half  a  century  ago  were 
the  Biram  and  the  Combes,  both  being  on  the  windmill 
principle,  and  required  timing.  Several  others  are  also 
used,  namely,  the  Robinson,  Parke,  DeviUez,  Preetal, 
Wolfus  and  Dickinson,  some  of  which  do  not  require  timing. 
A  description  of  these  is  given  in  this  Society's  Transac- 
tions, 1876.  For  comparative  observations  it  is  found  best 
to  set  the  anemometer  on  one  fixed  spot  where  there  is 
an  average  velocity. 

The  old  practice  of  increasing  the  ventilating  power  when 
the  barometer  reached  a  certain  depression  and  during  south 
east  winds,  or  wet  or  hazy  weather  has  to  a  great  extent 
been  superseded  by  systematic  surplus  ventilation  rendering 
atmospheric  influences  comparatively  inappreciable.  No 
instrument  has  yet  been  f  oimd  to  show  the  change  of  pressure 
so  quickly  as  the  issue  and  expansion  of  gas,  and  it  has 
been  proved  by  experiments  and  observations  that  increased 
issues  of  gas  occur  simidtaneously  with  the  commencement 
of  decreasing  pressure,  and  not  so  much  afterwards,  which 
renders  the  issuing  of  what  are  called  "  colliery  warnings  " 
too  late  for  practical  use. 

The  effects  of  coal  dust  in  aggravating  explosions,  which 
I  think  Mr.  Buddie  was  the  first  to  notice  publicly,  is  now 
more  generally  recognized. 
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A  system  called  panel  working  was  introduced  by  Mr. 
Buddie  in  fiery  mines,  by  which  one  panel  or  division  coidd 
be  shut  off  from  the  other  parts  of  the  mine  when  worked 
oaty  provision  being  made  for  the  outlet  of  gas  by  a  special 
drift  for  the  purpose,  the  principle  of  which  is  still  at  times 
followed. 

In  parts  of  the  kingdom,  notably  in  Lancashire,  drivings 
are  made  to  the  extremities  which  act  like  drains  for  fire- 
damp, and  otherwise  minimise  difficulties  by  enabling  the 
coal  to  be  worked  back  towards  the  shafts. 

Gas  drifts,  driven  near  the  top  of  a  thick  seam  for  drain- 
ing firedamp  in  opening  out  were  strongly  recommended  by 
Jdr.  Ryan  some  years  ago,  and  are  to  some  extent  practised, 
l>iit  bave  scarcely  become  a  system. 

Outlets  for  gas  on  the  rise  side  of  goaves  are  systematically 
practised  in  the  steep  mines  of  Lancashire,  and  when  not 
provided,  the  difficidty  and  danger  of  dealing  with  firedamp 
is  found  to  be  greatly  augmented. 

The  coursing  of  air  through  the  driven  boards  and  ends, 
or  rooms,  or  stalls,  by  which  ever  name  they  are  known,  as 
introduced  by  Mr.  Spedding,  has  fallen  into  disuse,  except 
by  scalage  or  leakage  of  air  in  the  direction  of  the  ventila- 
tion,  the  main  currents  being  taken  along  the  faces  only. 
The  absence  of  systematic  ventilation  in  these  wastes,  which 
may  not  be  visited  daily,  is  a  source  of  anxiety,  and  has  had 
to  be  closely  scrutinized  when  some  explosions  have  occurred 
in  mines  worked  on  this  system. 

Whether  it  is  expedient  or  not  to  attempt  to  ventilate 
goaves  or  other  inaccessible  portions  of  the  mine  is  a  moot 
point.  The  common  opinion  seems  to  be  that  it  is  safest  to 
ventilate  when  it  can  be  thoroughly  effected,  but  not  to 
attempt  such  ventilation  where  it  may  only  bring  the  gas  to 
the  explosive  point.  Opinions  also  vary  as  to 
whether     with     unventilated    goaves    it      is     safer    to 
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course    air    in    so     far    as     praoticable,    or     as     eacb 
working  becomes  finished  to  shnt  the   goaf  off  by 
walling.     The  advantage  claimed  for  sending  air  in  is  tha 
gas  is  kept  at  a  distance  from  the  working  faces ;  and  thi 
advantage  claimed  for  shutting  off  is  that  falls  of  roof 
the  goaf  only  stir  gas  about  without  driving  much  out  i 
the  working  parts.     Solid  filling  is  considered  beet  wbe 
there  is  rubbish  enough  for  the  purpose.     In  fiery  mini 
which  are  not  level  an  airway  at  the  rise  side  of  the  goaf 
receive  the  drainage  of  gas  is  considered  indispensable 
some  districts. 

Rendering  fire-damp  innocuous  by  chemical  change  as 
fast  as  it  is  discharged  or  as  it  approaches  lights,  as 
hoped  for  by  Mr.  Buddie,  is  still  unaccomplished,  but  the 
ventilating  power  and  size  of  airways  which  were  then  con- 
sidered at  the  maximum  have  been  so  increased  in  size  and 
power  that  the  amount  of  ventilation  is  such  that  now  it  is 
only  in  the  most  fiery  mines  where  gas  is  not  swept  away  as 
it  issues  without  any  firing  in  the  safety  lamp  or  showing 
the  blue  cap. 

For  ventilating  power,  small  fans  are  still  used,  but  many 
large  ones  are  now  fully  40  feet  in  diameter. 

Air  pumps  on  a  large  scale  have  been  tried,  and  a  few 
are  still  in  use,  but  owing  to  the  loss  in  power  in  changing 
stroke,  and  the  air  current  produced  being  intermitting, 
they  have  to  a  great  extent  been  superseded  by  continuous 
ventilators  such  as  fans. 

The  ratio  of  deaths  by  explosion  in  1861  was  one  in  every 
673  persons  employed.  In  the  ten  years  ending  1861  it 
was  one  in  1008 ;  in  the  second  ten  years  ending  1871  one 
in  1408;  in  the  third  ten  years  ending  1881  one  in  the  very 
much  larger  number  of  1795 ;  and  the  ratio  of  improvement 
is  still  progressing. 

The  ratio  of  deaths  by  accidents  from  all  causes  in  and 
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ibout  mines  under  the  Coal  Mines  Acts  is  similarly  f avour- 
ible.  It  was  in  1851  one  in  219  ;  in  the  ten  years  ending 
1861  one  in  245  ;  next  ten  years  ending  1871  one  in  300  ; 
third  ten  years  ending  1881  one  in  the  very  much  larger 
number  of  425  persons ;  and  in  the  succeeding  years  the 
ratio  is  still  more  favourable,  the  ratio  of  loss  of  life  being 
now  only  about  one-half  of  what  it  was  formerly. 

The  actual  number  of  lives  lost  by  all  causes  in  and  about 
mines  under  the  Coal  Mines  Acts  during  the  36  years  ending 
1886,  as  shown  by  the  statutory  returns  made  to  Her 
Majesty's  Inspector  of  Mines,  is  38,172. 

The  Coal  and  the  Metalliferous  Mines  Acts  now  regulate 
ill  leading  features  in  mining,  except  that,  so  far  as  I  know, 
criminal  offences  still  exist  under  7  &  8  George  the  Fourth, 
».  30,  sec.  6  &  7,  and  under  William  the  Fourth  and  1 
Victoria,  c.  89,  sec.  6,  as  to  water  and  damage  and  setting 
nines  on  fire. 

The  rules  and  regulations  under  the  Acts  have  to  be 
K>6ted  up  where  they  may  be  conveniently  read,  but  much 
hat  cannot  be  legislated  upon  still  depends  almost  entirely 
»Yi  the  skill,  care,  and  judgment  of  those  most  concerned. 

Under  the  Society  called  the  Order  of  St.  John  of 
r^rusalem,  and  other  auspices,  workmen  are  now  trained  to 
Lxnbulance  and  'first  aid'  duties,  whereby  much  alleviation  of 
^^ffering  is  afforded  to  persons  injured  in  and  about  mines. 

Funds  for  the  relief  of  widows  and  orphans  of  colliers, 
^^d  others  who  may  lose  their  lives  in  collieries,  and  for  the 
^xipport  of  such  as  are  maimed  and  disabled,  as  proposed  for 
Ifce  collieries  on  the  Tyne  and  Wear  by  Mr.  Buddie  in  1814, 
t^^^  now  established  in  various  districts,  and  the  number  of 
t^embers  is  said  to  amount  to  about  a  quarter  of  a  million. 

Additional  Mining  Schools  have  been  established,  as 
^^^oommended  by  some  of  the  Committees,  thus  bringing  the 
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aid  of  soienoe  in  addition  to  tliat  of  practical  experienoe 
which  can  alone  be  obtained  in  the  mine. 

Waste  in  working,  pointed  out  by  the  Coal  Oommissioniii 
1871,  has  in  some  respects  been  remedied,  but  much  remams 
yet  to  be  done ;  and  apparently  still  requires  the  legislatiye 
enactment  which  the  Commission  hesitated  to  suggest. 

I  have  no  doubt  but  that  in  this  address  many  important 
points  in  the  progress  of  geology  and  mining  are  not 
mentioned,  but  being  only  an  outline,  omissions  must  be 
excused ;  and  I  hope  that  the  omissions,  together  with  what 
I  have  only  alluded  to  cursorily,  may  afford  opportunitieafor 
other  members  to  give  more  amplified  Papers  to  this  Society. 


Professor  Boyd  Dawkins  moved  a  vote  of  thanks  to  tJ^® 
President  for  his  very  able  and  interesting  address,  wb^^ 
was  seconded  by  Mr.  Hall,  and  passed  unanimously. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabi  XTTT.  Vol.  XIX.  Ssssiok  1887-8. 

The  Ordinary  Mbbtino  of  the  Members  was  held 
»ii  Tuesday,  December  Gth,  1887,  at  the  Booms  of  the 
Canchester  Literary  and  Philosophical  Society,  Gtoorge 
Street 

The  President,  Mr.  Joseph  Dickinson,  F.G.S.,  &c., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  unani- 
lOQsly  elected  Ordinary  members  of  the  Society,  namely  : — 

Thomas  Oldham,  Holmefield,  Sale. 

George    H.    Haxlas,   Mining    Engineer,    Wigan    and 
Whiston  Coal  Company,  Limited,  Prescot. 


The  following  arc  the  recent  additions  to  the  Library : — 

Bristol  Naturaliflts'  Society  :  Proceedings,  Part  2,  Vol.  V.,  N.S. — From 

the  Society, 
Bdinburgh  Geological  Society :  Transactions,  Part  3,  Vol.  V. ;  Oata- 

logne  of  Library. — From  the  Society. 
Baaex  Naturalist :  Nos.  9  and  10.— jFVom  Essex  Field  Club. 
Hertfordahire  Natural  History  Society :    Part  7,  VoL  IV.— From  the 

Soeietf. 
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Ijeioeflter  Literary  and  Philosophical  Society :   TraiuactioiiB,  Paiti  4 
and  6. — Frwn  ths  Society. 

Liverpool  G^logical  Anooiation :  Tnuuactions,  VoL  VU.,  188$-7.— 
From  tho  AttoeuUum. 

London— Eoyal  Society:  Procedings,  No.  268,  YoL  'SJAn.—Frm  ik 
SocUty, 

-^•^  G^logical  Society  of  London :  Quarterly  Jonxnal,  Not.  164, 
169,  172 ;  List  of  Members,  November,  1887.  ^Frm  tk 
SoeUty. 

G^logical  Magazine :  Nos.  281  and  282. — UtrehMtd, 

Manchester  Association  of  Engineers :  President's  Address ;  PtuiqiUat, 
by  W.  H.  Bailey. — From  ths  AsMoeiation. 

Midland  Institute  of  Mining  Engineers :  Transactions,  P^uts  90  and  91, 
Vol.  XL.--From  th$  IfutituU. 

Newcastle-upon-Tyne — North  of  England  Institute  of  Mining  Ai* 
gineers :  Transactions,  Part  4,  Vol.  XXXVI.— iVom  the  ImtMt. 

Oxford— Catalogue  of  Transactions,  &c.,  in  Kaddiffe  Library,  1887.- 
IVvm  the  Library. 

Scotland — Mining  Institute  of  Scotland :    Transactions,  Part  6,  Vol 
IX. — From  the  In»titut$. 

South  Wales  Institute  of  Engineers  :  Proceedings,  No.  4,  VoL  XY.- 
From  the  Institute. 

Org^anization  of  Fossil  Plants  of  Coal  Measures :  Part  13,  by  Proi  W. 
C.  Williamson. — Presented  by  Author. 

Canada,  Toronto — Canadian  Institute  :  Proceedings,  No.  1,  Vol.  V.,2r^ 
series. — From  the  Institute. 

U.S.A.,  Cambridge— ELarvard  College :  Bulletin  of  Museum  of  Oob- 
parative  Zoology,  No.  5,  Vol.  XTTT. — From  A.  Agassis, 

Denver — Colorado  Scientific  Society :  Proceedings  Part  3,  Vol 

II. — From  the  Society. 

Philadelphia— Franklin  Institute :  Journal,  Nos.  742-743,  Vol 

CXXIV.— i^Www  the  Institute. 

Washington — XT.S.  Geological  Survey :  Sixth  Annim^  Bepoft, 

1884-6. — From  Director  of  Survey. 

Shenandoah — The  CoUiery  Engineer,  Nos.  1,  2,  3,  Vol.  VHI.- 

I^om  Editor. 

Australia,  Melbourne — Report  of   Registrar ;    Goldfields  of  Victoitt) 
30th  June,  1887. — From  the  Government. 

Berlin — Zeitschrift  Deutschen    Geologischen   Gesellschaft :   Band  S9, 
Heft  II. — From  the  Society. 


821 

Iminmie — ^BoIIetm  de  la  Soci6t6  Vaudoxae:  No.  99,  VoL  XXm.— 

l¥om  the  SocUty. 
Fnia— BeYoe  de  la  Legislation  dee  Biines,  Joly-Angast,  1887* — Pmr* 

Piaa — Aiti  della  Societii  Toecana  di  ScieiuEe  Naturali :  Memorie,  Vol. 

ym.,  Faac.  2.— JWmh  the  Society, 
Borne— Atti  della  Beale  Accademia  dei  Linoei :  Vol.  IH.,  Faac.  4-6. — 

From  the  Academy, 


IMPROVEMENT  IN    SAFETY  LAMPS. 


Ifr.  SrniRTTPy  Hon.  Secretary,  said  he  had  received  from 
ICr.  William  Wood,  of  Levenshidme,  a  communication  in 
^liich  the  writer  said  that  he  had  invented  and  patented  an 
UDportant  improvement  in  miners'  safety  lamps.     His  object 
bad  been  to  find  some  simple  means  of  instantly  extinguish- 
ing a  lamp  in  case  of  its  being  brought  into  the  vicinity  of 
plosive  gas.     It  consisted  of  an  extinguisher  or  hood,  held 
Over  the  flame  and  supported  by  a  rod  or  float  dipping  into 
<^  column  of  mercury.     This  mercury,  becoming  expanded 
Vf  the  extra  heat  imparted  to  the  wire  gauze,  raises  the  rod 
<Uid  permits  the  extinguisher  to  fall  over  the  flame  of  the 
lamp  and  thus  to  extinguish  it.     The  improvement   was 
applicable  to  all  classes  of  miners'  lamps,  and  was  not  costly. 
I^ermission  was  granted  to  Mr.  Wood  to  exhibit  a  lamp 
fitted  with  his  patented  improvement  at  the  next  meeting  of 
tie  Society. 

THE  BRITISH  ASSOCIATION. 


Mr.  Stibrup  stated  that,  since  the  last  meeting  of  the 
Society,  the  following  note  had  been  addressed  to  him,  as 
Secretary,  and  delegate  of  the  Society  to  the  last  meeting  of 
*ke  British  Association : — 
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BSITIBH  AsSOOIATlOir  FOB  THB  AdYAHOKICXHT  OF  SoiXVaK. 


22,  Albemarle  Street,  London,  W., 

Noyember  19(li,  1887. 
Sir, 

Herewith  I  beg  to  submit  a  copy  of  the  Beport  of  the  ProceedingBof 
the  last  Conference  of  Delegates  of  Corresponding  Sodeties,  togetiiar 
with  a  list  of  the  Committees  appointed  at  Manchester.  I  will  aik 
you  to  bring  the  Beport  under  the  notice  of  your  Society  at  an  ttaHf 
opportunity ;  and  at  the  same  time,  if  there  should  be  any  Oomimtti^ 
on  the  accompanying  list  in  whose  work  your  Society,  or  indrndnl 
members  thereof,  would  be  willing  to  render  assistanoe,  I  should  It 
glad  if  you  would  give  information  to  this  effect  to  the  Secretuy  d 
the  Committee  or  to  myself. 

Tou  will  find  enclosed  with  the  Beport  a  copy  of  the  Bules  reliiaf 
to  Corresponding  Societies,  and  a  list  of  the  Corresponding  Sooktiei 
at  present  on  our  list.  Additional  copies  of  the  Beport  can  be  had  od 
application. 

I  am,  Sir,  yours  obediently, 

B.  Meldola, 
Hon.  Sec.  Corresponding  Societies  CommitUt' 

To  the  Secretary  of  the  Manchester  GhK)logical  Society. 


It  would  only  be  necessary  for  him  briefly  to  refer  to 
several  documents.  There  was  amongst  them  a  list  of  ^ 
Committees  of  the  British  Association^  about  73  in  ntunber) 
which  had  been  formed  for  carrying  out  investigations  i^ 
physical,  meteorological,  chemical,  geological  and  biologicsl 
science,  the  majority  of  which  however  do  not  fall  within  the 
range  of  our  Society's  work.  He  had  called  the  attention  of 
the  members  to  this  subject  on  previous  occasions — and,  mot« 
specifically,  in  the  circular  calling  the  present  meetings 
where  were  enumerated  the  special  committees  which  they 
might,  perhaps,  be  in  a  position  to  assist.  Those  committee^ 
were  the  Underground  Water  Committee,  the  Erratic  Block* 
Committee,  and  the  Rate  of  Increase  of  Underground  Teflti' 
perature  in  Mines,  &c.,  Committee. 
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The  report  of  the  Conference  of  Delegates  contained  one 

r  two  paragraphs  in  which,  he  thought,  the  members  would 

e  interested.     One  referred  to  a  newly- formed  committee^ 

hat  of  Earth  Tremors.    This  had  been  taken  up  for  investi- 

;ation  by  the  North  of  England  Institute  of  Mining  and 

Ceohanical  Engineers,  and  he  hoped  that  some  of    the 

oembers  of  the  Manchester  Geological  Society  might  see 

lieir  way  to  assist  in  the  inquiry. 

'^FrafeaBor  Lebour  stated  that  the  subject  of  Earth  Tremors, 
ilnbli  he  had  brought  forward  at  the  Conf erenoe  of  Delegates  last 
fsir  at  Brrmingham,  had  sinoe  taken  a  more  practical  shape,  and 
ftit  it  now  seemed  to  be  time  that  a  Committee  of  the  British  Asso- 
tiitMm  should  be  formed  for  taking  the  inyestigation  in  hand, 
tbong^  the  advocacy  of  Mr.  Symons,  who  was  unable  to  be  present 
4  ^  Ckmference,  Sections  A  and  G  had  that  morning  agreed  to 
neommend  the  appointment  of  such  a  Committee  in  conjunction  with 
Seetion  0,  which  would  be  approached  next  day.  The  work  to  be 
done  was  of  a  preliminary  character,  and  its  object  was  rather  to 
inqniie  into  the  best  methods  of  conducting  observations  on  Earth 
Tremors  than  to  actually  cause  such  observations  to  be  made.  The 
Hoith  of  England  Institute  of  Mining  and  Mechanical  Engineers 
lud,  since  the  Birmingham  meeting,  carried  on  a  series  of  seiEono- 
>oopic  observations  at  Marsden  in  the  coimty  of  Durham,  and  the 
^y  results,  extending  over  several  months  and  compared  with  a 
Wometric  curve,  were  shown  to  the  meeting  in  the  form  of  a  diagram 
by  Mr.  Walton  Brown,  the  Secretary  of  the  Newcastle  Institute 
Oommittee.  The  Institute  possessed  also  a  more  elaborate  instrument , 
made  after  a  pattern  supplied  by  Professor  Ewing,  which  registered 
^  intensity  and  direction  of  the  tremors.  Professor  Lebour  stated 
^t,  although  such  instruments  as  the  last  mentioned  were  probably 
^  costly  to  be  placed  at  all  desirable  stations,  this  would  not  be  the 
CMS  with  the  simpler  seismoscope,  which  recorded  merely  the  fact  of 
auth  tremors  having  taken  place  and  the  time  of  their  occurrence. 
Boch  records  would  be  valuable  though  limited.  The  Corresponding 
Societies,  if  they  would  interest  themselves  in  the  matter,  might  be 
file  means  of  establishing  a  great  network  of  seismoscopes  with  a 
km  aeismographs  in  suitable  localities,  and  results  of  value  would 
by  this  means  be  in  all  probability  obtained.  These  results  would  be 
Enable  altogether  in  proportion  as  well-equipped  seismometrioal 
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obeerving  stationB  were  numerouB.  The  eo^enae  miut  in  any  cub  \» 
oonfiiderable  in  the  aggregate,  but  need  not  be  great  in  indiTidml 
oaaes.  A  sufficiently  good  Beismosoope  might  be  had  for  about  £2,  » 
seiBinograph  for  £14  to  £15,  and  the  cost  of  keeping  them  in  onhr 
would  not  be  great.  Professor  Lebour  hoped  the  Delegates  pnmt 
would  help  in  establishing  such  a  network  of  obeerving  stations  dl 
over  the  country,  and  he  stated,  in  oonduding,  that  he  would  be 
happy  to  communicate  with  anyone  interested  in  the  subjeot. 

Professor  Ewing,  in  response  to  the  Ghairman,  said  that  from  Ui 
experience  of  earth-tremor  oli^ryations  in  Japan,  he  could  conciir  is 
the  remarks  of  Professor  Lebour.    To  investigate  fully  the  chaiaotar 
of  the  motion,  even  at  one  station,  required  delicate  and  oM^ 
apparatus,  and  the  cost  was  greatly  increased  when  it  was  attemftoi 
to  bring  a  number  of  stations  into  correspondence  so  as  to  detaonni 
the  motion  over  a  large  area.    It  was  possible,  however,  to  leooid  tiw 
fact  that  a  tremor  had  occurred,  and  even  to  learn  something  d  Hi 
character  by  means  of  inexpensive  seismosoopes ;  and  it  certus^ 
seemed  to  him  that  no  bodies  could  more  appropriately  undsrtato 
that  work  than  the  local  Societies  represented  at  the  CJonferanoe 
acting  in  conjunction  with  a  Committee  of  the  Association.    From 
recent  observations  it  appeared  probable  that  tremors  would  be  found 
wherever  they  were  tested  for  with  sufficient  delicacy,  so  that  a  Sooiety 
undertaking  the  search  was  not  likely  to  be  disappointed." 

At  the  second  meeting  of  the  Conference,  Professor  Lebour 
stated  that  the  formation  of  a  joint  committee,  by  SectioD* 
A,  0,  and  G,  had  been  agreed  to,  and  the  following  resolii- 
tion  forwarded  to  the  Committee  of  Srecommendations:— 

That  Sir  F.  J.  Bramwell,  Mr.  E.  A.  Cowper,  Mr.  G.  J.  Symonir 
Professor  G.  H.  Darwin,  Professor  Ewing,  Mr.  Isaac  Boberts,  Hr* 
Thomas  Gray,  Dr.  John  Evans,  Professor  Lebour,  Professor  Preit- 
wich.  Professor  Hull,  Professor  Meldola  and  Professor  Judd  be  * 
Committee  for  the  purpose  of  considering  the  advisability  and  pO' 
bility  of  establishing  in  other  parts  of  the  country  observationB  upo0 
the  prevalence  of  earth  tremors,  similar  to  those  now  being  made  i& 
Durham  in  connection  with  coal-mine  explosions,  and  that  "Prdst/^ 
G.  A.  Lebour  be  the  Secretary. 

{This  resolution  was  afterwards  adopted  by  the  Qentrd 
Committee.) 
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lie  Pbbsident  said:  Without  much  expense  in  the 
ohase  of  instruments  we  might,  through  our  members^ 
lier  some  useful  information  upon  this  subject.  There 
e  been  some  earthquakes  recently  in  foreign  countries 
eh  have  caused  the  loss  of  many  lives,  and  rendered 
je  numbers  of  people  homeless:  without  referring  to 
ie  serious  cases,  which  have  apparently  no  relation  to 

work  of  man,  it  would  be  interesting  to  know  how 
those  earth- tremors  in  the  neighbourhood  of  Sunderland, 

instance,  are  connected  with  the  pumping  of  water 
n  the  Magnesian  Limestone.  Then,  again,  these  earth- 
kee  which  we  are  said  to  have  had  recently  in  Lancashire 
f  be  due  to  old  coal  workings.  Chorley,  it  is  well 
»wn,  stands  entirely  upon  pillars.     Parts  of  Bolton,  also, 

undermined  by  old  coal  workings,  as  I  ascertained 
m  on  the  coal  commission.  On  these  points  much 
hi  information  might,  no  doubt,  be  collected  by  the 
iety. 

(r.  Stirbup:  I  think  this  Earth-tremors  Committee  is 
we  certainly  could  aid,  if  the  colliery  owners  and 
lagers  would  take  the  matter  up.  It  is  a  very  interesting 
ject ;  but  the  Committee's  investigations  do  not  refer  so 
3h  to  earthquakes  which  are  felt  on  the  surface  as  to 
96  imperceptible  earth-tremors  which  require  very  deli- 
)  instruments  for  their  observation.  Professor  George 
Darwin,  of  Cambridge,  was  the  first,  I  think,  to  call 
xntion  to  them.  He  said  that  the  earth's  crust  was 
loubtedly  in  a  state  of  continual  vibration,  and  one  of  the 
stions  for  consideration  was,  how  far  beneath  the  surface 
Be  earth-tremors  extended,  or  whether  they  were  only 
nble  on  the  surface.  He  could  not  but  think  that  such 
dstigations  woidd  be  of  interest  to  miners. 

fr.  BuBROws  :  Do  not  you  think  that,  in  ordinary  coal- 
I  so  many  disturbances  are  due  to  actual  working  of  the 


coal — especially  iu  wide  work — that  such  observations  \vould 
be  scarcely  reliable  ? 

The  President  :  Particularly  where  their  are  old  work- 
ings overhead,  which  are  liable  to  get  disturbed  by  subod- 
ence,  or  by  pumping. 

Mr.  Stirrup  :  I  have  not  read  the  report  of  what  Iub 
been  already  done  by  the  North  of  England  Institute,  anA 
therefore  cannot  say  how  far  these  objections  were  foondl 
to  weigh  with  them. 

Mr.  Watts  :  If  it  was  thought  desirable  that  the  Society 
should  possess  one  or  more  of  these  delicate  instruments,  to 
which  the  Secretary  had  referred,  he,  as  living  outside  the 
coal  area,  would  be  glad  to  take  charge  of  one,  and  give  the 
Society  the  benefit  of  the  readings. 


RICHMOND  COAL-FIELD,   VIRGINIA. 
By  Mr.  William  Clifford,  M.E. 


From  the  swamps  at  the  head  waters  of  the  Chickahomiay 
river.  North  West  of  Richmond,  Virginia,  there  extends  U^ 
a  direction  (about  15  S.W.),  for  a  distance  of  over  30  miles:  » 
coal-field  which  has  been  known  and  worked  since  th« 
commencement  of  the  18th  century.  It  supplied  fuel  for 
the  smiths'  forges  at  the  time  Comwallis'  army  lay  in  ^^ 
camp  at  Genito  on  the  Appomattox.  It  it  also  said  to  hft^® 
supplied  fuel  to  a  cannon  foimdry  in  Richmond,  during  tb^ 
American  Revolution. 

Long  before  the  log  foundations  of  Fort  Pitt, — irb^ 
Pittsburg  now  stands — were  laid,  or  the  hunter  PhiH^P 
Ginter  discovered  Anthracite  on  Bear  mountain;  c^^ 
mining  was  actively — and  then  so  termed — extensiv^^ 
carried  on  at  Midlothian,  13  miles  from  Richmond. 
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To-day,  as  yon  travel  throngh  the  woods,  whicli  coyer 
the  &oe  of  the  country,  the  one  thing  that  excites  surprise 
u  the  great  number  of  pit-hillocks,  and  little  square  holes, 
>r  shafts,  lined  with  timber — ^mostly  full  of  water — and  all 
tnfenoed.  In  some  places  these  pits  thickly  stud  the 
iDund  like  bell-pits  in  a  shallow  ironstone  working  in 
England  30  years  ago.  If  you  examine  the  hillock  material 
ing  about  some  of  the  deeper  shafts,  you  will  find,  side  by 
le,  limestone  from  the  lias,  and  granite  from  troubles  in 
le  ooal ;  together  with  coarse  grained  stone,  having  parallel 
Ab^  but  the  appearance  of  granite  generally  with  an 
K^ess  of  hornblende : — ^many  grades  of  coloured  micaceous 
lale,  from  a  deep  purple  to  a  bluish  white,  and  occasion- 
ly  a  fossil  fern  or  shell.  You  come  across  a  dismantled 
^sine-house ;  a  drum  or  a  pulley  wheel  lying  about  here- 
nd-there ;  a  disused  T  bob,  a  broken  pump  tree,  or  an  old 
oUer,  far  away  from  any  sign  of  life  or  activity — save  the 
<^vity  of  insect  life,  and  the  ceaseless  clang  of  the  bull- 
^g.  The  grass-grown  formation  of  a  railway  is  the  only 
^dication  that  these  things  ever  had  any  connection  with 
^  outer  world.  The  only  trace  that  now  remains  of  the 
^ebrated  Black  Heath  pits,  is  a  large  pond  or  swamp, 
iterally  alive  with  snakes.  It  was  here  that  Sir  Charles 
'jyell  mentions  descending  a  shaft  800  feet  deep,  and  having 
^u  coal  taken  out  40  feet  thick,  and  ''like  the  finest 
I'lality  shipped  at  Newcastle"  (Manual  p.  285).  At 
''Midlothian,  three  years  ago,  two  feeble  affairs  were  still  in 
operation,  one  working  natural  coke ;  and  the  other  working 
'^l  from  the  old  Etna  shafts.  Deep  Run  was  closed — 
^ly  worked  out.  The  Tuckahoe  basin  was  dead,  and  the 
*3way  to  Carbon  Hill  pulled  up.  Two  little  places  were 
forking  on  the  south  side  of  the  James  river,  near  Sabots' 
^land, — one  owned  by  Manchester  men.  Clover  Hill,  in  the 
outhem  part  of  the  coal-field  (which  the  writer  believes. 
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has  never  really  stopped),  was  working  with  a  promiaeaf 
increased  capacity  and  apparent  success.     With  these  ss* 
ceptions  the  appearances  eyerywhere,  were  of  a  ooal-fidd 
worked  out,  with  the  accompanying  gloom  and  poTer^ 
among  those  colliers,  who  lacked  the  opportunity  or  enters 
prise  to  push  out  elsewhera     Yet,  so  &r  from  this  bem|g^ 
the  case,  only  the  most  sketchy  outline  of  the  field  has  beoEi. 
touched.     Of  the  180   square  miles  contained  within  itm 
boundaries,  less  than  two  square  miles  have  been  worked,  and 
probably  less  than  half  of  the  coal  got  out  of  that  area.  Th^ 
total  output  from  these  pits  since  the  commencement  of  thi^ 
century  is  said  to  be  about  5,000,000.     The  writer  belier^^ 
it  is  less. 

The  coal-field  ranges  from  12  miles  N.W.  of  Bichm(»Lj^ 
to  about  24  S.  W.,  extending  into  the  counties  of  Gk)oclilani^R 
Henrico,  Powhatan,  Chesterfield,  and  Amelia;  and  ti 
of  coal  have  been  found  in  Hanover  County  in  the  vicinit 
of  Ashland,  and  further  north  and  west;  while,  in  ih^ 
most  recent  hand-book  issued  by  the  Commissioner  of 
culture  for  Virginia,  it  is  stated  that  coal  has  been  found  L 
Dinwiddie  County — a  statement  which  does  not  at  all 
prise  the  writer. 

The  northern  end  of  the  coal-field  at  Springfield  is  tapp^^ 
by  a  branch  of  the  Richmond,  Fredericksburg,  and  Pototn^^ 
Railroad  from  Hungary  Station ;  and  the  Richmond  an-^ 
Danville    Railway    strikes    the    coal-field    on   its  eastet^ 
boundary  near  Midlothian,  about  13  miles  from  Richmd^* 
crossing    it    diagonally    in    a    south-westerly    directi^*^ 
Formerly  there  was  a  coal  railway  worked  by  mules  fr^^ 
the  collieries   at  Midlothian  to  the  James  River  oppo^** 
Richmond.     It  was  over  this  railway  that  the  gas  coal  "^^ 
carried  for   shipment  to  New  York  and  Philadelphia,    ^ 
mentioned  by  Sir  C.  Lyell  at  the  time  of  his  second  visi't  *^ 
1844.     The  Clover  Hill  Railway,  pow  called  the  Brighth^P^ 
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ilway,  has  been  extended  to  Epps'  Falls  on  the 
pomattox  Biver  three  miles  south  of  the  collieries  on  the 
I  hand ;  and,  on  the  other,  from  Chester  to  their  shipping 
Lths  at  Bermuda  Hundred  on  the  deep  water  navigation 
blie  James.  Formerly  the  railway  struck  the  James  riyer 
1^  place  called  Osbomes  higher  up ;  but  since  the  making 
Ae  Dutch  Gap  Canal  cut  off  the  bend  on  which  Osbomes 
ituate,  that  part  of  the  river  has  been  silting  up. 

Clie  outlines  of  the  coal-field  as  delineated  on  Map  Plate  I, 
^.y  I,  accompanying  this  paper  are  those  laid  down  by 
>f  essor  W.  B.  Rodgers  in  his  *'  Memoir,"  now  in  the  Capitol 
^Tary  at  Richmond.     Experience  has  proved  that,  from 

area  embraced  within  these  outlines,  a  good  portion 
at  be  deducted  for  '*  troubles  and  pinches,"  in  order  to 
ive  at  the  true  coal-producing  area  of  the  field.    From 

writer's  observations  and  from  the  best  information 
kilable,  he  would  be  inclined  to  put  down  the  deduction 
ler  this  head  at  20  per  cent,  of  the  whole  area. 
Dhe  greatest  elevation  in  the  coal-field  is  somewhat  over 
)  feet  above  the  datum  of  the  United  States  coast  survey, 
cirvey,  so  far  as  it  extends,  answering  to  our  Ordnance 
rvey.  The  streams  rising  within  the  coal-field  have  their 
leys  shallow  and  broad.  Those  of  the  two  principal  ones, 
ift  Creek  and  Falling  Creek,  narrowing  and  deepening 
they  enter  the  older  formations  in  their  course  towards 
Kies  Biver.  Falling  Creek,  in  a  course  of  10  or  12  miles, 
U  about  300,  passing  in  its  lower  course  the  same  granite 
ge  that  forms  the  falls  of  the  James  River  at  Richmond, 
ift  Creek,  which  drains  the  middle  southern  portion,  has 
»ut  an  equal  fall,  distributed  over  a  distance  of  20  miles. 

rhere  are  no  sharp  prominences  in  the  district;  small 
ft  hills,  presenting  no  steep  declivities,  stand  out  here 
1  there  above  the  general  plane  of  the  county. 

rhe  occurrence  of  these  coal  measures  is  most  interesting 
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and  singular.  They  lie  at  the  base  of  the  ''only  oolitic 
rocks  found  in  all  the  United  States  and  Canada."  They 
are  deposited  in  a  huge  hollow,  say  3,000  feet  deep  over  30 
miles  long  and  from  4  to  10  wide  with  a  number  of  smaller 
hollows  on  each  flank :  all  scooped  out  of  the  granite  rock, — 
formed  by  the  junction  of  ridges,  whose  summits  are  now 
planed  away, — or  by  local  subsidence  of  the  fundamental 
granite.     Sir  C.  Lyell  says  the  latter. 

In  the  main  trough  upon  the  granite  floor,  is  now  f  oimd 
a  yariable  thickness  of  Triassic  rocks  sometimes  over  500  feet 
thick.  These  form  the  bed  upon  which  lie  the  coal  measures 
consisting  of  coal  seams,  carbonaceous  shales  and  sand 
stones.  The  rocks  thin  out  towards  the  sides  of  the  basin 
as  though,  during  their  deposition,  the  rock  material  had 
slid  somewhat  down  the  steep  sides  on  which  it  was  thrown 
down. 

In  the  outlying  basins  there  is  found  only  one  coal  seam, 
usually  of  great  thickness  and  separated  from  the  granite 
by  a  thin  bed  of  shale, — sometimes  only  a  few  inches  thick. 

It  was  necessary  to  sink  into  the  granite  to  form  a  sump 
at  the  Greenhole  shaft,  and  Sir  Charles  Lyell  says  of  the 
Black  Heath  pit,  that  only  two  inches  of  shale  divided  the 
coal  from  the  fundamental  granite;  that  in  some  places 
even  that  had  been  removed  by  disturbance,  which  had 
taken  place  at  some  period  subsequent  to  the  formation  of 
the  coal  and  its  superposed  rocks, — numerous  cracks  being 
visible  in  the  granite  floor  on  the  removal  of  the  coals. 

The  coal  measures  alone  contain  the  organic  remains  which 
enabled  geologists  to  determine  the  age  of  the  rocks,  and 
identify  them  with  the  oolite  of  Whitby,  Yorkshire,  or  more 
generally  with  the  Jurassic  formation  of  European  countries. 

Above  the  coal  measures  we  have  a  series  of  rocks  formed 
of  the  detritus  of  the  adjacent  older  ones,  often  cemented  in  a 
calcif  erous  matrix.     The  same  thinning  towards  the  edge  (or 


831 

xaQier  thiokeniixg  towards  the  centre)  of  the  basing  such  as 
oharaoterises  the  lower  rocks  is  observable  in  these  upper 
ones,  so  much  so  that  the  upper  members  near  the  centre  of 
tile  basin  appear  as  horizontal. 

If  we  suppose  the  shell  of  a  walnut  to  be  turned  inside 
oat  and  lengthened  in  the  direction  of  its  longitudinal  axes, 
vr»  -can  form  an  exaggerated  idea  of  the  crumpled  shape  of 
&o  floor  on  which  the  coal  rests.  This  is  especially 
^parent  in  the  detached  basins  with  their  granite  floor. 
I^^re  seems  ij^evertheless  to  be  a  series  of  waye-like  longi- 
tudinal ledges  or  terraces,  which  separate  the  basin  into 
^^> Ye  or  less  regular  zones. 

Xn  the  older  collieries,  working  the  detached  basins,  the 
^"^^ter  is  informed  that  owing  to  its  great  tenacity,  the  roof 
^^noained  unbroken  over  large  areas,  laying  bare  remarkable 
c^'Sxfiguration  of  roof  and  floor,  disclosing  numerous  pro- 
^Xijuons  from  the  latter,  sometimes  with  corresponding 
^dentations  in  the  former. 

Xicsley  is  of  opinion  that  the  great  basin  in  which  these 
^^^^  measures  lie  got  filled  up  with  sand  and  mud  from  an 
^^nary  stretching  through  South-east  Pennsylvania,  Mary- 
^^d  and  Virginia,  having  its  capes  at  Trenton  and  Man- 
^■^^ttan  island.  There  is  a  most  interesting  epitome  of 
^^li  views  reprinted  in  Macfarlane's  "Coal  Regions  of 
^^Haerica.'^  Others  with  more  circumstances  hold  the 
pinion  that  the  water  broke  into  the  Richmond  Coal  basin 
*^er  the  low  ground  about  the  upper  Pamxmky  river,  near 
^l^ere  Hanover  Junction  now  is,  and  filled  up  the  great 
^"vity  or  valley  to  overflowing ;  and  when  we  consider  the 
EH^oitions  of  several  streams  and  the  structure  of  their 
^^Ueys,  it  woidd  seem  that  there  existed  depressions  in  the 
^^atem  edge  of  the  basin,  corresponding  with  the  outlets  of 
^^ese  streams ;  that  portions  of  the  current  which  overflowed 
^t  these  points  wore  away  the  Eozoic  lip,  and  in  time  cut  the 
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eroded  the  newly*ionned  rocks  within  the  basin  itself. 

Sereial  questions  are  suggested  by  the  oocumnoe  of  fla 
ooal-field,  bat  which  this  paper  does  not  propose  to  answv 
except  in  the  most  general  and  incidental  way.  One-— Win 
the  material  forming  the  coal  seams  transported  P  Othen— 
soch  as — ^Was  the  coal  deposited  in  the  main  basin  at  Ae 
same  time  as  the  detached  ones  P  Why  are  there  no  into^ 
lying  measures  between  the  coal  seams  and  granite  in  fte 
detached  basins  P 

One  theory — ^which  the  writer  has  not  seen  in  print,  but 
has  heard  it  verbally  enunciated  by  its  author — istoliie 
eflfect  that  the  Richmond  coalfield  is  not  continuous;  or, 
more  correctly^  that  there  is  no  coal  present  in  the  detsp 
portions  of  the  basin.  It  may  be  here  observed  (hat  Sir 
Charles  Lyell,  in  his  ideal  section,  shows  the  coal  as  thinning 
out  to  the  dip  both  on  the  eastern  and  western  outcrops— 
a  faint  dotted  line  through  the  centre  of  the  basin,  con- 
necting the  two  attenuated  sides.  The  theory  referred  to  is 
that  at  some  time,  about  this  particular  coal  period,  a  strong 
current  driving  from  the  N.W.  broke  over  the  low  ground 
in  the  vicinity  of  the  upper  Pamunky,  as  mentioned  above,  and 
swept  through  the  basin  in  the  direction  of  its  length.  That 
this  current,  whether  the  bearer  of  the  material  of  the  cod 
seams,  or  a  denuding  force  acting  on  coal  measures  already 
in  place,  deprived  the  central  part  of  the  basin  of  its  ooaL 
That  the  large  bosses,  or  projections  from  the  sides,  retained 
the  floating  carbonaceous  matter  in  the  still  bays  between 
them,  in  one  case,  or  protected  the  already  deposited  coal 
from  erosion  on  the  other ;  but  in  either,  leaving  only  • 
narrow  margin  of  coal  here  and  there. 

The  writer  thinks  that  the  transportation  theory  must  ta 
abandoned  in  this  case.  The  opinion  of  every  eminont 
geologist    that    has    examined    the    district    is    that  the 
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ooal  flora  grew  where  the  seams  now  lie.  Sir  Charles  Lyell 
was  veiy  clear  on  this  point.  He  considered  the  two  inches 
of  shale  between  the  coal  and  granite  at  Black  Heath  repre- 
sented the  soil  in  which  the  coal  plants  grew.  The  writer 
would  also  call  attention  to  the  fact  that,  while  all  sedimen- 
tary rocks  thin  against  the  steep  sides  of  the  basin,  the  coal 
seams  in  the  main  basin  are  equally  thick  at  the  outcrop 
and  in  the  deep.  The  tenacity  of  the  roots  having  given 
the  coal  plants  a  firm  hold  up  the  steep  sides  of  the 
trough. 

Sir  Charles  Lyell  says :  '^  These  last,  the  Catamites  and 
Squisetum,  are  very  conmionly  met  with  in  a  vertical 
position,  more  or  less  compressed  perpendicidarly.  I 
entertain  no  doubt  that  the  greater  number  of  these  plants, 
standing  erect  in  the  beds  above  and  between  the  seams 
**  of  coal  which  I  saw  at  points  many  miles  distant  from 
"  each  other,  have  grown  in  the  places  where  they  are  now 
'*  buried  in  mud  and  sand,  and  this  implies  the  subsidence  of 
**the  whole  region." — ISecand  Visit  to  the  United  States, 
Vol.  1,  p-  282.] 

The  writer  is  equally  convinced  that  the  assertion  of 
sterility  of  the  deep  portions  of  the  trough  or  basin, — based 
on  the  theory  referred  to,  has  no  substantial  foundation  in 
jhct.  For  any  current  of  the  magnitude  and  velocity  con- 
ceived, must  have  entirely  swept  away  all  coal  from  the 
shallower  basins  like  the  Greenhole  at  Midlothian,  and  still 
shallower  ones  at  Deep  Run,  before  it  could  touch  the  central 
depth, — ^proved  to  contain  coal  at  above  a  thousand  feet  below. 
But  the  fact  the  writer  would  rely  upon  most  in  support  of 
his  contention  is,  that  at  the  south  end  of  the  coal-field 
where  it  narrows  to  four  miles,  and  therefore  any  current 
moving  lengthwise  through  the  basin  must  have  its  scouring 
action  greatly  increased  over  what  it  woidd  be  where  10 
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miles  wide ;  the  coal  is  intact  to  the  Bwctace,  and  therefore 
it  can  bnt  have  su£Fered  little,  two  or  three  thousand  feet 
below.  If  we  conceive  of  a  granite  ridge  (now  gone) 
separating  the  Greenhole  basin  from  the  main  one  at  that 
period,  it  will  not  help  us  with  Deep  Bun. 

The  foimdation  of  this  ''  removal "  theory  is  the  very 
doubtful  and  uncertain  fact  of  a  fine  blue  sandstone  dyke 
having  been  found  in  place  of  the  coal  seam  at  the  Bright 
Hope  Colliery,  Glover  Hill,  nearly  a  thousand  feet  from  t]» 
surface. 

The  physical  and  chemical  properties  of  the  ooal  are  those 
common  to  bituminous  coals  of  this  country.  The  only 
exception  being  where  trap  has  intruded  into  the  immediate 
vicinity  of  some  seam ;  then  we  have  the  curious  pheno- 
menon of  natural  coke  extending  often  over  a  large  area. 

The  coal  is  bright.  It  breaks  short  and  square,  is  very 
black,  and  in  general  appearance  is  like  the  Silkstone  seam 
of  Yorkshire  and  Derbyshire.  It  is  very  fatty  and  close 
caking.  It  contains  iron  pyrites  in  some  places,  often  in 
cellular  form,  so  that  when  the  contained  coal  has  crumbled 
away,  by  exposure  to  the  weather,  the  pyrites  somewhat 
resemble  a  honey-comb  in  shape. 

The  coal  stands  fairly  well  in  pillars  even  where  the 
seam  is  inclined  at  an  angle  of  from  20  to  30  degrees. 

It  varies  in  hardness.  The  hardest  coal  is  usually  freest 
from  impurities.  That  containing  an  excess  of  sulphnr 
being  very  friable.  Its  specific  gravity  averages  about  1'30. 
Various  analyses  show  from  45  to  70  per  cent,  of  fix®* 
carbon ;  and,  from  25  to  40  per  cent,  of  volatile  matter. 
Ash  from  2  to  16  per  cent. 

Below  will  be  found  table  of  analyses  :— 
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The  largest  yield  of  gas  that  the  writer  has  heard  of  was 
10,600  cubic  feet  per  ton,  obtained  over  40  years  ago  in 
Philadelphia. 

Natural  coke  was  principally  found  in  that  part  of  the 
field  lying  to  the  North  of  the  James  river,  but  in  1882  it 
was  found  near  the  old  Black  Heath  at  Midlothian.  There 
are  two  varieties  got  from  the  same  seam  ;  one  heavy  dose- 
grained  and  strongly  charged  with  sulphur,  and  other 
impurities ;  unequally  and  imperfectly  carbonised.  It  has 
the  property  of  exploding  with  a  sharp  crack  and  flying  out 
of  the  fire,  and  is  termed  '*  popping  coke."  This  property 
is  so  persistent  as  to  render  it  unfit  for  household  use. 

The  other  variety  got  from  higher  in  the  same  seam,  and 
at  Messrs.  Jewitts,  (Plate  lY.,  Fig.  3)  nearer  to  the  trap,  U 
more  fully  carbonised  and  somewhat  resembles  artificial 
coke.  It  is  more  spongy  and  lighter  than  the  other.  It 
makes  a  fairly  good  fuel  for  open  grates  and  stoves,  and 
is  very  easily  mined. 

This  natural  coke  lies  in  the  upper  part  of  the  coal 
measures,  and  has  been  mostly  worked  in  the  northern  end 
of  the  field,  where,  instead  of  one  thick  seam  as  at  Midlothian 
and  further  south,  the  coal  is  split  up  into  a  number  of 
moderate-sized  beds,  divided  by  shales  and  sandstones.  The 
coke  is  usually  divided  from  the  superposed  trap,  to  which 
it  owes  its  carbonisation,  by  a  few  feet  of  strata.  At  Messrs. 
Jewitt  and  Bros.'  pit  at  Midlothian  the  division  is  seven 
feet  of  arenaceous  shale.  The  trap  is  2^  feet  thick — quite 
conformable,  but  thin  layers  or  masses  are  also  intruded 
into  the  shales  above  and  below  the  coke  seam. 

Near  Carbon  Hill  the  trap  is  said  to  be  10  to  55  feef 
thick,  and  the  seam  of  coal  lying  60  feet  below  is  coked ; 
while  of  the  seam  which  existed  a  few  feet  above  the  trap 
there  remains  only  ashes  and  cinders,  with  partly  reduced 
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iitm  (u4,,  ealoined  pjnites)  and  wreckage  from  the  over- 
lying shale. 

The  measures  which  overlie  the  coke  seams  are  very  much 
fissured,  and  consequently  the  pits  working  coke  are  more 
heavily  watered  than  coal  pits.  Some  of  the  most  promising 
ones  in  the  northern  end  of  the  field  had  to  be  abandoned 
on  that  accoimt.  • 

For  the  section  near  Carbon  Hill,  Plate  4,  Fig.  10, 
and  for  much  general  information,  the  writer  is  indebted 
to  Mr.  J.  B.  Werth,  the  present  managing  director 
of  the  Brighthope  Railway  and  Clover  Hill  Collieries,  whose 
father  owned  and  worked  some  of  the  pits,  and  also 
aooompanied  Sir  Chas.  Lyell  on  many  of  his  geological 
expeditions  in  this  district.  The  detailed  section  of  the 
coke  seam  at  Messrs.  Jewitt's  pit,  Midlothian,  was  taken  by 
Mr.  Jno.  Blayden,  an  Englishman,  formerly  underground 
numager  at  Abercame  Colliery,  of  whose  death  the  writer 
heard  with  great  regret  a  few  days  ago.  Speaking  of 
this  natural  coke,  Sir  Charles  Lyell  says :  '*  Before  I 
**  examined  this  region,  I  was  told  that  a  strange  anomaly 
**  occurred  in  it,  for  there  were  beds  of  coke  overlying  others 
'*  consisting  of  bituminous  coal.  I  found  on  visiting  the 
various  localities  of  this  natural  coke,  that  it  was  caused 
by  the  vicinity  or  contact  of  volcanic  rocks  (greenstone 
and  basalt),  which,  coming  up  through  the  granite,  inter- 
sects the  coal  measures,  or  sometimes  make  their  way 
laterally  between  two  strata  appearing  as  a  conformable 
mass.  As  in  the  Durham  coal-field  in  England  (in  Haswell 
Collieries,  for  example),  igneous  rock  has  driven  out  all 
the  gaseous  matter,  and,  where  it  overlies  it,  has  deprived 
**  the  upper  coal  of  its  volatile  ingredients,  while  its  influence 
"  has  not  always  extended  to  the  lower  seams.  In  some 
"  spots  the  conversion  of  coal  into  coke  seems  to  have  been 
"  brought  about,  not  so  much  by  the  heating  agency  of  the 
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of  strong  heat  are  everjrwliere  to  be  found  in  the  upper  ooal 
measures.  In  some  of  the  trial  holes  beyond  the  gnmhe 
ridge  West  of  Deep  Run,  the  writer  found  a  thick  bed  of 
quartz  shivered  by  heat  and  upheaval. 

The  manner  of  working  this  coal  has  varied  so  much  wiA 
men  and  places,  that  there  cannot  be  said  to  be  any  parti- 
cular system,  but  when  the  coal  presented  a  virgin  outcrop,  an 
engine  plane  driven  full  dip  of  the  seam,  was  the  usual  form 
of  winning.  When  the  outcrop  had  been  previously  woibi 
a  shaft  was  sunk,  and  if  the  rise  workings  were  drowned,  or 
on  fire,  the  shaft  was  usually  sunk  into  solid  coal, — ^thongbi 
by  mistake,  the  hollows  were  sometimes  struck  insteai 
Shafts,  generally  however,  had  for  their  object  the  doing 
away  with  a  long  haul  over  steep  gradients,  and  thereby 
increasing  the  output  of  coal ;  and  were  therefore  put  down 
in  positions  which  underground  conditions  showed  to  bo 
most  favourable.  Many  shafts  are  placed  upon  the  flat  of 
the  ledges  or  terraces  previously  referred  to,  the  colliery 
people  of  the  day,  fancying  they  had  reached  the  bottom  of 
the  basin.  This  mistake  was  repeated  many  times  over  in 
different  parts  of  the  field,  nearly  always  from  want  of  any 
authentic  records  and  plans  of  former  workings  in  tk® 
locality.  (In  more  than  one  case  to  the  writer's  knowledgOi 
persons  started  to  re- work  pits  that  had  already  been  worked 
out — generally  on  the  recommendation  of  some  sapient  old 
collier.) 

The  usual  result  was — ^when  the  shaft  was  down  ih^y 
would  drive  a  little  distance  level,  strike  the  ''pinch,"  or 
brink  of  the  terrace  and  go  further  down  the  dip  with  *& 
engine  plane  in  the  same  direction  as  the  one  cut  off  by  the 
shaft.  Many  fiery  pits  were  worked  by  a  single  shaft* 
usually  10  or  11  feet  square,  divided  by  a  strong  hosxi 
brattice.  The  pumps,  if  any,  were  put  in  the  upcast  section. 
The  writer  did  not  see  a  furnace  anywhere  in  use,  and  he 


'Heiwa  00  well  founded  and  eapported  by  such  authority, 
itpparenily  on  aeoond-hand  information ;  and  cliaraoteristio 
looks  seleoted  by  persons  without  even  a  rudimentary  know- 
ledge of  mining  and  lithology.  There  is  abundance  of  trap 
in  situ  and  lying  about  the  pit  bank.  There  are  evidences 
of  heat  all  round,  beginning  at  the  granite  bared  near  the 
ireetem  outcrop  of  the  Black  Heath  basin. 

There   has   been    practically   nothing  written  which  is 

&e  result  of  personal  examination,  by  any  geologist  of  stand- 

^S'  upon  the  geology  of  this  region  since  the  writings  of  Sir 

0-    Lyell,  with  which  the  earlier  notices  of  Professor  W.  B. 

dodgers  are  in  accord,  but  are  not  generally  accessible. 

PROXIMATE  ANALYSIS  (OP  NATURAL  COKE). 

6t  D&.  Dboon. 

Dnll  Portion.  Lnstroiu  Portion. 

fip.Ghr.    1-375  1-360 


Loss  at  100c 2000 0-69 

VolatQe  Matter 15-47  1110 

Ash  (dark  brown) 3-220  .  .  (white) .  .  6-68 

Fixed  Carbon 7933  8162 


100-00  10000 


Sulphur 408     160 

The  writer  would  call  attention  to  the  fact  that  the  sp.  gr. 
0:f  the  coke  is  greater  than  that  of  the  coal  taken  from 
^^ems  not  carbonized. 

No  pipe  has  been  found  and  the  irruptive  point  of 
*^^e  trap  is  not  known,  though  the  writer  foimd  a 
**  dyke  proper "  coming  to  the  surface  near  Buck  Hill, 
^•W.  of  Midlothian,  and  where  the  coal  would  be  at  a  great 
^l^th  below.  Ck)mmencing  with  the  disturbed  ground 
Ootween  Midlothian  and  the  James  river,  travelling  north- 
Ward  along  the  eastern  outcrop,  natural  coke  and  evidences 
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than  by  any  particular  size  of  pillars.     In  the  large  boau 
that  were  formerly  worked,  pillars  were  20  to  35  yazds 
square.    That  is  the  levels,  where  practicable,  were  20  to  35 
yards  apart  (according  to  angle  of  dip)  and  bolt-holes  IGfeei 
wide  were  driven  from  the  lower  to  the  upper  level  the  sane 
distance  apart  as  the  levels.     The  headings  were  ventiLitad 
by  brattice  until  holed.     In  place  of  cloth,  sawn  boards  woe 
used,  nailed   to  poles  in  the  same  manner  as  doth,  M 
requiring  a  good  deal  of  keeping  tight.     A  number  of  beads 
would  be  going  in  brattice  in  a  short  level  at  the  same  tiina. 
The  writer  did  not  see  any  regular  system  of  pillar  work 
anywhere,  the  number  of  projections  and  pinches  not  adr 
mitting  of  it  on  an  extended  scale.     The  greater  part  of  ^^ 
pits  he  saw  stood  on  brattice.     In  one  colliery,  where  a  mos^ 
serious  explosion  occurred,  killing  nearly  40  men,  two  dothB 
were  hung  in  the  engine  plane  (the  trains  passing  through 
them  every   journey),   to    drive   the   air   round  the  maiB 
workings,  including  at  least  half  a  dozen  headings  on  brattioe 
rising  25  degrees.     In  another  pit  the  writer  went  into  * 
heading  where  four  men  were  at  work.     The  place  was  * 
level  about  15  feet  wide  and  7  feet  high ;  gas  showed  ^^ 
inches  of  "  top  "  on  the  men's  open  lamps,  and  one  rp^ 
stood  at  the  lip  of  the  brattice  to  prevent  any  person  iro^ 
taking  a  light  to  the  rise  side.      In  one  colliery  wher^  * 
good  deal  of  gas  was  made  and  the  seam  locally  very  thi^*» 
bolt-holes  were  driven  down  hill,  a  mule  gin  being  used   ^ 
haul  out  the  coal.     Self-acting  planes,  which  are  here  call^ 
"  drum-hills,"  are  few  in  number.     The  pillars  are  work^^ 
when   a  level  has  reached  the  boundary  or  a  **  trouble 
which  is  not  desired  to  cut  through.      They  are  thinned    ^' 
the  term  "robbed  "best  describes  the  operation  of  slici^K 
them  away  so  long  as  the  roof  can  be  kept  up,  and  wh-^*^ 
that  is  no  longer  practicable,  the  coal  remaining  in  them      ^ 
left  to  give  rise  to  or  feed  the  gob  fires  which  always  foU^^^ 
in  due  time. 
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that,  until  the  advent  of  fam  the  collieries  in 
"Virginia  depended  entirely  on  natural  ventilation  ;  though 
liand-blowers  were  used  for  cases  of  emergency  in  special 
places  underground. 

In  this  Richmond  coal-field  the  writer  saw  the  only  round 
aliafts  to  be  met  with  in  America — the  deep  pits  at  Glover 
£mi,  the  old  Etna  shafts  at  Midlothian,  and  there  is  a 
"Very  large  one  at  Dover. 

In  one  of  the  Glover  Hill  shafts  used  for  winding  water, 

t^lie  original  brickwork  had  given  way  from  creep  and  the 

*^vaah  of  water  from  the  tubs.     Wood  blocks,  18  in.  x  10  in. 

^  6in.  of  second  growth  pine,  were  substituted  with  complete 


Square  shafts  were  lined  with  logs,  notched  or  halved 
^t  the  oomers  somewhat  like  the  pits  in  Scotland,  and  when 
'ell  baeked-up  were  fairly  secure.  Experience  has  proved 
that  they  will  stand  any  blast  that  can  take  place  with 
feeble  ventilation  that  obtains  in  the  workings.  The 
source  of  danger  to  shafts  in  Virginia  arises  from 
**  pillaging  '^  the  pillars,  setting  of  creep,  scarcely  any  of 
^^liem  are  perpendicular.  Some  single  shafts  are  much 
Qanaller  than  the  area  given.  The  deepest  shaft  sunk  in  the 
field  is  one  near  Midlothian  not  bottomed  at  1022  feet, 
^diown  in  Section  Plate  3. 

Tlie  Midlothian  pumping  shaft,  at  which  there  is  a  60in. 

Oornish  engine,  erected  in  1858,  is  776  feet  deep.     One  of 

"tlie  Brighthope  shafts  at  Glover  Hill  is  about  900  feet  deep. 

rFhere  are  no  deep  shafts  north  of  the  James  River.     The 

deepest  workings  in  the  field  will  be  the  dips  of  the  Grove 

shaf ty  which  the  writer  estimates  at  1,200  to  1,500  feet  from 

the  8ur&oe. 

The  undergroimd  workings  generally  consist  of  one  main 
engine  plane,  with  levels  on  each  side  at  intervals  determined 
more  by  the  regular  or  disturbed  character  of  the  groimd, 
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deep  gorges  in  the  granite  we  now  see  on  Swift  Greek,  and 
eroded  the  newly-formed  rocks  within  the  basin  itself. 

Several  questions  are  suggested  by  the  occurrence  of  thii 
coal-field,  but  which  this  paper  does  not  propose  to  answv 
except  in  the  most  general  and  incidental  way.  One— Was 
the  material  forming  the  coal  seams  transported  F  Otkenh- 
such  as — ^Was  the  coal  deposited  in  the  main  basin  at  the 
same  time  as  the  detached  ones  P  Why  are  there  no  inte^ 
lying  measures  between  the  coal  seams  and  granite  in  Ibe 
detached  basins? 

One  theory — ^which  the  writer  has  not  seen  in  print,  tat 
has  heard  it  verbally  enunciated  by  its  author — ^istothe 
effect  that  the  Richmond  coalfield  is  not  continuous;  or, 
more  correctly,  that  there  is  no  coal  present  in  the  deep 
portions  of  the  basin.  It  may  be  here  observed  that  Sir 
Charles  Lyell,  in  his  ideal  section,  shows  the  coal  as  thimuBg 
out  to  the  dip  both  on  the  eastern  and  western  outcrops— 
a  faint  dotted  line  through  the  centre  of  the  basin,  con- 
necting the  two  attenuated  sides.  The  theory  referred  to  ib 
that  at  some  time,  about  this  particular  coal  period,  a  strong 
current  driving  from  the  N .W.  broke  over  the  low  ground 
in  the  vicinity  of  the  upper  Pamimky,  as  mentioned  above,and 
swept  through  the  basin  in  the  direction  of  its  length.  That 
this  current,  whether  the  bearer  of  the  material  of  the  coal 
seams,  or  a  denuding  force  acting  on  coal  measures  already 
in  place,  deprived  the  central  part  of  the  basin  of  its  coal 
That  the  large  bosses,  or  projections  from  the  sides,  retained 
the  floating  carbonaceous  matter  in  the  still  bays  betwe^ 
them,  in  one  case,  or  protected  the  already  deposited  coal 
from  erosion  on  the  other ;  but  in  either,  leaving  only  • 
narrow  margin  of  coal  here  and  there. 

The  writer  thinks  that  the  transportation  theory  must  bo 
abandoned  in  this  case.  The  opinion  of  every  eminOD^ 
geologist    that    has    examined    the    district    is   that  the 
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ooal  flora  grew  where  the  seams  now  lie.  Sir  Charles  Lyell 
was  very  clear  on  this  point.  He  considered  the  two  inches 
of  shale  between  the  coal  and  granite  at  Black  Heath  repre- 
sented the  soil  in  which  the  coal  plants  grew.  The  writer 
would  also  call  attention  to  the  fact  that,  while  all  sedimen- 
tary rocks  thin  against  the  steep  sides  of  the  basin,  the  coal 
seams  in  the  main  basin  are  equally  thick  at  the  outcrop 
and  in  the  deep.  The  tenacity  of  the  roots  having  given 
the  coal  plants  a  firm  hold  up  the  steep  sides  of  the 
trough. 

Sir  Charles  Lyell  says :  ^  These  last,  the  Calamites  and 
^'Equisetum^  are  very  commonly  met  with  in  a  vertical 
'' position,  more  or  less  compressed  perpendicularly.  I 
''  entertain  no  doubt  that  the  greater  number  of  these  plants, 
**  standing  erect  in  the  beds  above  and  between  the  seams 
''of  coal  which  I  saw  at  points  many  miles  distant  from 
''  each  other,  have  grown  in  the  places  where  they  are  now 
**  buried  in  mud  and  sand,  and  this  implies  the  subsidence  of 
"the  whole  region." — \_8econd  Visit  to  the  United  States, 
Vol.  1,  p.  282.] 

The   writer  is  equally  convinced  that  the  assertion  of 
sterility  of  the  deep  portions  of  the  trough  or  basin, — based 
on  the  theory  referred  to,  has  no  substantial  foundation  in 
&ct.     For  any  current  of  the  magnitude  and  velocity  con- 
ceived, must  have  entirely  swept  away  all  coal  from  the 
shallower  basins  like  the  Greenhole  at  Midlothian,  and  still 
shallower  ones  at  Deep  Run,  before  it  could  touch  the  central 
depth* — ^proved  to  contain  coal  at  above  a  thousand  feet  below. 
But  the  fact  the  writer  would  rely  upon  most  in  support  of 
ids  contention  is,  that  at  the  south  end  of  the  coal-field 
Where  it  narrows  to  four  miles,  and  therefore  any  current 
iKioving  lengthwise  through  the  basin  must  have  its  scouring 
Motion  greatly  increased  over  what  it  would  be  where  10 
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miles  wide ;  the  coal  is  intact  to  the  eartaoe,  and  therefore 
it  can  but  have  suffered  little,  two  or  three  thousand  feet 
below.  If  we  conoeiye  of  a  granite  ridge  (now  gooe) 
separating  the  Greenhole  basin  from  the  tnain  one  at  Hd 
period,  it  will  not  help  us  with  Deep  Bun. 

The  foundation  of  this  '*  removal "  theory  is  the  very 
doubtful  and  uncertain  fact  of  a  fine  blue  sandstone  dyb 
haying  been  found  in  place  of  the  coal  seam  at  the  Bri|^ 
Hope  Colliery,  Clover  Hill,  nearly  a  thousand  feet  from  tk 
surface. 

The  physical  and  chemical  properties  of  the  coal  are  those 
common  to  bituminous  coals  of  this  coxmtry.  The  only 
exception  being  where  trap  has  intruded  into  the  immediAte 
vicinity  of  some  seam ;  then  we  have  the  curious  pheno- 
menon of  natural  coke  extending  often  over  a  large  area. 

The  coal  is  bright.  It  breaks  short  and  square,  is  yeiy 
black,  and  in  general  appearance  is  like  the  Silkstone  seam 
of  Yorkshire  and  Derbyshire.  It  is  very  fatty  and  cloee 
caking.  It  contains  iron  pyrites  in  some  places,  often  iB 
cellular  form,  so  that  when  the  contained  coal  has  crumbled 
away,  by  exposure  to  the  weather,  the  pyrites  somewhat 
resemble  a  honey-comb  in  shape. 

The  coal  stands  fairly  well  in  pillars  even  where  the 
seam  is  inclined  at  an  angle  of  from  20  to  30  degrees. 

It  varies  in  hardness.     The  hardest  coal  is  usually  fre^ 
from  impurities.     That   containing  an  excess  of  sulpha 
being  very  friable.    Its  specific  gravity  averages  about  l*^^* 
Various  analyses  show  from  45  to  70  per  cent,  of  6^^ 
carbon ;  and,  from  25  to  40  per  cent,  of  volatile  m»*^^' 
Ash  from  2  to  16  per  cent. 

Below  will  be  found  table  of  analyses  : — 
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now  employed  were  slaves  before  the  late  civil  war.    Negroes 

make  good  colliers ;  they  can  be  made  to  obey  discipline  when 

their  personal  safety  is  invoked^  a  thing  almost  impossible 

irith  whites, — ^bnt  a  great  matter   in  a  fiery  colliery  in 

JLmerica.     Nevertheless  of  late  years  they  have  become  quite 

38  fond  of  strikes  as  white  men,  so  collieries  generally  have 

8  mixture  of  blacks  and  whites.     This  has  been   brought 

ttbout  by  Northern  men  coming  South,  and  engaging  negroes 

\yy  the  hxmdred  to  go  North  where  there  was  a  strike.     In 

Kiost  cases  it  was  represented  that  the  negroes  were  required 

•Cor  new  collieries  opening  out.     Generally  when  the  strike 

"^ras  over  the  negroes  were  scattered,  most  of  them  finding 

"t^iheir  way  back  to  Virginia,  poorer  than  when  they  went 

^way,  and  always  more  contented  with  their  lot ;  but  very 

liable  to  air  their  new-bom  knowledge  of  the  ways  of  white 

by  going  on  strike.     The  writer  well  remembers  what 

men  came  from  Midlothian  and  Glover  Hill  to  a  colliery 

£ti    Ohio,  with  which  he  was  connected  in  1873.     The  pit 

"be^n  to  make  a  little  gas,  and  there  were  very  few  English 

^^olliers  among  its  company,  so  it  was  found  desirable  to  mix 

eg^roes  with  the  white  men  for  the  protection  of  the  latter, 

d  two  negroes  were  appointed  firemen  on  account  of  their 

fitness  for  the  office. 

These  Virginian  collieries  were  the  penal  settlements  in 
days  of  slavery.  If  a  negro  was  so  refractory  or  violent 
^3iat  the  local  whipping-master  could  make  no  impression 
'^i^pon  him,  he  was  sent  to  the  pits — often  with  the  most  satisf ac- 
results.  The  hire  payable  by  colliery  owners  to  the 
of  the  slave  was  about  £30  per  year,  they  must  pro- 
him  with  two  suits  of  flannel  clothes  per  year,  must  feed 
well,  and  provide  skilled  medical  attendance,  and  the  slave 
x^iust  have  a  month's  holiday  every  Christmas,  and  colliery 
o^wners  were  required  to  deliver  back  the  slave  under  condi- 
'^onSy  but  were  not  responsible  for  his  value  if  killed,  so  their 
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Sscnoir  at  MiDi/maiAHy  Platb  m. 

The  sarhce  is  horn  actual  eoTYey  bom  the  CheenlioleBl 
The  oatcrop  of  the  main  coal  and  the  depth  d  jf^ 
(which  are  nearly  in  a  straight  line)  between  the  GheenUi 
and  the  RiTiVing  Pit,  are  taken  to  show  the  relatiye  positkai 
of  the  coal  and  the  surface  of  the  ground.  Major  BoIt(% 
the  chief  aigineer  of  the  Richmond  and  Danville  Bailwijf 
kindly  sapidied  the  elcTations  which  enabled  the  writer  ii 
show  the  sea  IctcL 

Some  years  ago  (since  Sir  G.  Lyell  wrote  the  remark  flafc 
no  speculator  had  been  found  bold  enough  to  do  it),  ipit 
was  started  to  be  sunk  through  the  clear  ground  into  te 
deep  basin  half  a  mile  to  the  dip  of  any  other.  Sinkiaf 
was  discontinued  at  1,022  feet»  because  it  was  supposed  Alt 
the  coal  had  been  passed  in  a  "pinch,"  a  "trouble"— 
whereas  it  would  be  1000  certainly,  probably  1500  feet 
below. 

The  principal  pits  at  Midlothian  lie  a  little  distance  soadi 
of  the  line  of  section.  About  14  years  since  3  bore  holtf 
were  put  down  by  the  owner  of  the  Midlothian.  Tb® 
writer  saw  the  boring  record  and  the  cores  in  the  collier} 
office  in  1883,  but  had  no  opportunity  of  copying  the  formed' 

Mr.  Oswald  J.  Heinrich,  the   gentleman  who  super&*^ 
tended  the  borings,  has  given  an  account  of  them  in  sevet^ 
papers  before  the  American  Institute  of  Mining  Engineef^ 
In    one  of  the    papers    on    the    "  Mesozic   formation   ^ 
Virginia,"  he  gives  a  section  from  the  surface  to  the  granit^ 
and  groups  the  rocks  in  a  manner  the  writer  had  intend^^ 
to  show,  but  finding  Mr.  Heinrich's  section  covered  1518  fe^ 
above  the  granite  with  a  coal  seam  near  the  surface,  an^ 
knowing  the  deepest  hole  to  be  only  1137  to  the  granite 
the  writer  concludes  that  the  depth  of  No.  2  bore  hole  ha^ 
been  placed  on  the  top  of  No.  1  to  make  the  depth  for  sodl-^ 
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difficult  to  do  away  with  it  altogether;  but  some  of  the 
oolliery  stores  in  Yirginia  sell  whisky  to  the  serious  hurt 
of  the  workmen. 

The  Maps  Plate  1,  Figs.  1  and  2  show  the  outlines  of  this 
ooal-field  and  its  proximity  to  tidal  navigation,  and  the 
routes  of  the  several  railways  by  which  the  coal  is  carried 
to  market.  The  line  A  across  the  basin,  is  the  direction 
of  Baocoon  slope  at  Clover  Hill,  and  about  full  dip  of  the 
measures.  The  line  B  is  nearlythat  of  the  section  at 
Midlothian. 

Plate  II.,  Figs.  1,  2,  3,  and  4  are  given  as  illustrations 
of  the  south  end  of  the  coal-field,  and  are  from  actual 
survey  of  the  writer,  except  those  parts  of  the  plan  of 
underground  workings  shown  by  dotted  lines  on  Plan,  Fig.  1. 
These  are  from  notes  furnished  by  the  Colliery  Company's 
surveyor. 

Neither  in  this  nor  in  any  other  of  the  sections  attached  to 
thie  paper  has  any  attempt  been  made  to  show  the  thin  hands  of 
shak  (called  ''  bones ")  which  divide  the  coal  and  vary  in 
magnitude  from  a  mere  parting  to  six  inches  thick  in  some 
places ;  while  in  others  the  thickest  will  be  under  an  inch. 
These  "  bones  *'  are  present  everywhere,  except  in  some  of 
the  detached  basins.  The  clean  coal  however  between  them 
is  generally  a  respectable  seam  itself,  sometimes  four  and 
often  seven  feet  thick. 

The  faults  shown  on  Plan,  Fig.  2,  as  will  be  obvious,  are 
not  dislocations  but ''  pinches/'  as  though  a  blister  had  risen 
from  an  even  floor  when  the  coal  matter  was  in  a  plastic 
state  and  squeezed  it  out.  It  was  difficult,  from  the  crushed 
condition  of  the  sides  of  the  main  incline  to  determine 
exactly  where  the  pinches  began  and  ended,  so  the  original 
floor  of  the  coal,  from  former  surveys,  was  taken  to  save  the 
amount  of  cutting. 


Section  at  Midlothian,  Plate  III. 

The  surface  is  from  actual  survey  horn  the  Greenhol^^^®  ^^ 
west.     The  outcrop  of  the  main  coal  and  the  depth  of         '-  ¥^^ 
(which  are  nearly  in  a  straight  line)  between  the  Green-^^^^'® 
and  the  Sinking  Pit,  are  taken  to  show  the  relative  posit- 
of  the  coal  and  the  surface  of  the  ground.     Major  Bol 
the  chief  engineer  of  the  Richmond  and  Danville  Bail^ 
kindly  supplied  the  elevations  which  enabled  the  writei 
show  the  sea  leveL 

Some  years  ago  (since  Sir  C.  Lyell  wrote  the  remark 

no  speculator  had  been  found  bold  enough  to  do  it),  a 

was  started  to  be  simk  through  the  clear  ground  into 

deep  basin  half  a  mile  to  the  dip  of  any  other. 

was  discontinued  at  1,022  feet,  because  it  was  supposed  i^^      ^^ 

the  coal  had  been  passed  in  a  "  pinch,"  a  "  trouble '  "^     * 

whereas  it  would  be  1000  certainly,  probably   1600  3^ 

below. 

.*-»jou^ 
The  principal  pits  at  Midlothian  lie  a  little  distance  ■o^^^^^T'  \^ 

of  the  line  of  section.     About  14  vears  since  3  bore  hoL^^-^^^rttua 

were  put  down  by  the  owner  of   the    Midlothian.      TT-^  m-w'&tH 
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writer  saw  the  boring  record  and  the  cores  in  the  coUie: 
office  in  1883,  but  had  no  opportunity  of  copying  the  fonm^^ 

Mr.  Oswald  J.  Heinrich,  the   gentleman  who  superi^S^*^^^     ^ 
tended  the  borings,  has  given  an  account  of  them  in  seve 
papers  before  the  American  Institute  of  Mining  Engineer*^' 
In    one  of  the    papers    on    the    ''  Mesozic  formation  tSl 
Virginia,''  he  gives  a  section  from  the  surface  to  the  grant 
and  groups  the  rocks  in  a  manner  the  writer  had  intendei^-'^'*'^ 
to  show,  but  finding  Mr.  Heinrich's  section  covered  1518 
above  the  granite  with  a  coal  seam  near  the  surface,  an> 
knowing  the  deepest  hole  to  be  only  1137  to  the  granite  ^^^'^^'^ 
the  writer  concludes  that  the  depth  of  No.  2  bore  hole  ' 
been  placed  on  the  top  of  No.  1  to  make  the  depth  for 
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)retical  consideration.  No.  2  was  neither  to  the  dip  nor 
y  but  was  drilled  on  the  eastern  outcrop  of  a  detached 
n ; — subsequently  proved  to  be  so.  The  coal  passed 
oubtedly  represented  the  main  coal — and  the  rocks 
led  through  lay  between  the  coal  and  the  granite,  which 
not  reached.  If  the  position  of  this  coal  seam  (Sin.) 
ihown  in  this  section  was  correct,  then  would  Sir  C. 
ll's  assertion  of  sterility  of  the  rocks  more  than  500  feet 
ire  the  coal  fall  to  the  ground. 

a  the  borings  referred  to  is  a  remarkable  instance  of  the 
Leading  nature  of  the  results,  even  with  a*  diamond 
ng  drill ;  without  most  constant  attention  to  the  washings 
m,  in  soft  ground.  Two  seams  of  coal,  one  14  feet  and 
other  12  feet,  were  recorded  in  the  borings,  but  when  the 
j9  were  reached  scarcely  a  foot  of  clear  coal  was  found  in 
whole  section,  and  the  colliery  could  not  be  worked 
i  profit. 

^late  lY.  shows  the  relative  positions  of  the  celebrated 
ck  Heath  pits  and  the  main  basin.  The  writer  took  the 
lines  of  the  basin  from  a  very  beautifully  executed  map 
Ashbell  Welch,  C.E.,  of  New  Jersey,  made  in  1838, 
»arently  in  some  connection  with  what  is  known  as  the 
^lifih  Company.  The  position  of  the  shafts  are  from 
>rmation.  It  was  Pit  C  that  Sir  Charles  Lyell  mentions 
[pending. 

dCessrs.  Jewitt's  coke  pit  (Figs.  2  and  3)  is  in  the  main 
in,  and  from  actual  survey.  Coke  has  been  worked  in 
}  locality  only  about  four  years.  Between  here  and 
James  River,  about  a  mile  from  the  old  Bellona  Arsenal, 
some  very  disturbed  ground,  and  hematite  ore  was 
merly  worked  in  it  in  a  small  way.  The  product  was 
d  for  fettling. 

Plate  Y.  refers  to  part  of  the  Deep  Run  detached  coal  field, 
e  Prospect  Pit  particularly  and  the  surface  lines  generally 
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are  from  actual  survey.    It  is  a  sample  of  the  oustoc^^ 
working  old  pits  over  again.     A  rich  company  from^     ^^ 
Northern  States  bought  up  the  Springfield  Pits,  and  al^V^^^ 
land  round,    including  large  tracts  which,   aocordin^^tf  ^ 
Professor  W.  B.  Rodgers,  contain  no  coal  measures.     ^^Bllttej 
brought  good  engines,  pumps,  and  tackling,  and  civil  ^ 

mining  engineers  from  Pennsylvania,   built  ten  milea^^^  ^* 
railway,  and  actually  began  to  lay  out  a  town,      ai^^ome 
work  was  done  in  the  Oakwood  Basin,  but  how  much,      ^  ^® 
writer  does  not    know.      In   the    plan  of    the    Pro8j^^*P^ 
Basin,  the  old   workings   will  be  seen,  of  which  the    ^^  ^ 
shafts  themselves  ought  to  have  been  sufficient  evide:-*^^^^ 
Nevertheless  a  shaft  was  sunk,  and  a  good  plant  erected.         '    ^ 
few  yards  from  the  pit  bottom  old  workings  were  met  wz  "^anta; 
and  so  little  coal  was  found  to  have  been  left,  that  it  was  n^^^*^ 
difficult  to  keep  up  the  new  workings, — shown  by  clear  Hnea  -^^^  ^ 
the  plan, — in  spite  of  heavy  timbering,  good  packing,  anC^^*^ 
very  favourable  roof.     The  old  Scotchman,  Barr  (for*"'^'^^^ 
owner),  had  even  crept  up  the  side  of  the  pitch  at "  C  "  (Fig  ^^^^\ 
in  section,  (Fig.  13)  and  "cleaned"  out  the  coal  by  stopt^^^^  , 
When  the  writer  went  down  this  single  unbratticed  shaft, 
found  creep  lively  everywhere.     What  little  air  there  wat^        ^ 
the  place  came  from  old  workings  on  the  north  side,  and  — ^ 
supposed  to  work  its  way  from  Shaft  D,  though  no  comm 
cation  had  ever  been  made  since  Prospect  shaft  was 
Pits   A   and  B  were  full  of  water,  and  the  colliers 
surprised  at  the  quantity  of  water  making  in  the  north  si» 
gates.     The  surface  of  the  ground,  which  had  been  stroi^^ 
yellow  clay,  had  fallen  in,  round  Pits  A  and  B,  and  droppi      ^ 
to  the  bottom  remained  there  as  a  tight  plug  30  feet  lonX^' 
held  in  position  by  old  goaf.      The  new   workings 
separated  by  from  30  to  40  feet  of  old  goaf  from  one 
these  pits. 

The  managing  director  was  much  concerned  when  he  y^^^^ 
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develop  the  field  in  aooordanoe  with  sound  mining  know- 
ledge— someone  who  has  not  a  gambler's  expectation. 

It  is  for  Yirginians  themselves  to  first  prepare  the  way  by 
enacting  laws  for  the  regulations  of  mines,  without  which 
no  discipline  can  be  maintained,  and  no  permanent  success 
is  possible.* 

On  the  motion  of  Mr.  Qarside,  seconded  by  Mr.  Badclifie^ 
the  best  thanks  of  tUb  Society  were  given  to  Mr.  Clifford 
for  his  interesting  paper. 

The  President  said:  The  paper  is  one  which  may  be 
looked  at  from  different  points  of  view.  In  the  first  place, 
it  is  of  historical  value  in  the  country  to  which  it  relates. 
Then  it  seems  to  have  a  value  for  persons  who  may  have  to 
compete  in  the  coal  trades,  seeing  that  the  Richmond  coal- 
field lies  only  a  few  miles  from  where  coal  may  be  shipped. 
In  the  third  place,  it  seems  to  have  a  geological  value,  parti- 
cularly as  regards  the  interesting  points  brought  forward  as 
to  what  has  been  called  natural  coke,  and  also  as  regards 
the  beds  of  floating  whin,  which  seem  to  have  deprived  some 
of  the  coal  of  its  volatile  properties.  What  has  been  shown 
here  as  natural  coke  reminds  me  very  much  of  what  I  have 
seen  in  some  of  the  Scotch  coal-fields  in  Ayrshire,  which 
in  some  sections  was  passed  over  as  ''black  stone,"  but 
found  since  to  be  a  very  valuable  heating  coal.  Another 
thing  I  would  remark  upon  in  regard  to  the  Richmond 
coal-field  is  that,  according  to  Mr.  Clifford,  there  are  only 
two  inches  between  the  granite  and  these  great  beds  of  coal. 
I  have  seen  similar  coal-fields  in  Ayrshire,  and  I  find  that 
the  coal  formation  rests  unconf ormably  on  the  rock  below  ; 
and  I  should  rather  apprehend,  unless  this  field  has  been 
well  proved,  the  same  thing  may  be  expected  in  Virginia. 

Mr.  Clifford  :  That  is  so.     The  coal  measures  do  lie  in 
that  way  in  Virginia. 

*  Sm  Appendix  on  Oeologj  of  the  Riohmond  Ooalfleid»  p«ge  8&6. 
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Mr.  J.  Badcliffe  mentioned  that  in  a  pit  at  Neiwtown, 
near  Qlasgow,  where  the  Trap  rock  had  been  forced  throogh 
the  Coal  Measures,  the  coal  was  converted  into  ocke,  and  a 
band  of  ironstone  rendered  magnetic. 

The  President  said:  When  I  mentioned  the  ''natural 
coke/'  or  *'  black  stone/'  I  did  not  mean  the  cinders  that 
are  occasionally  met  with  near  some  of  the  trap  dykes,  as  in 
the  county  of  Durham,  because  there  <you  have  not  only  the 
ironstone  as  it  were  made  magnetic,  but  the  coal  is  burnt 
into  cinders  near  the  dyke.  The  black  coal  produced  here 
does  not  appear  to  be  like  that  black  cinder,  nor  does  it 
resemble  coke.  It  is  what  the  late  Mr.  Binney,  in  describing 
some  specimens  from  South  Wales,  called  mother-of-ooaL 

Mr.  Badcliffe  :  To  the  best  of  my  belief  the  coke  varied 
both  in  colour  and  density.  I  have  a  specimen  where  the 
prisms  appear  distinctly  formed,  not  unlike  those  of  the 
Giant's  Causeway,  but  that  was  six  or  seven  feet  from  the 
point  of  contact  with  the  Trap  Bock.  But  where  there 
has  been  a  great  crushing,  there  the  blackest  part  of  the  coke 
is,  and  furthest  removed  from  the  cinder-like  form. 

Mr.  Stirrup  suggested  that,  in  consequence  of  the  lateness 
of  the  hour,  further  discussion  upon  the  paper  should  be 
postponed,  until  it  was  printed.  The  paper  was  a  valuable 
one,  and  many  members  might  wish  to  have  an  opportunity 
of  expressing  their  views  upon  it. 

The  discussion  was  accordingly  adjourned,  and  the  paper 
on  "  Boulders  from  the  High  Level  Drift  of  Bacup  "  post- 
poned to  a  future  meeting. 
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Mr.  J.  Badcliffb  mentioned  that  in  a  pit  at  Nenrtown, 
near  Glasgow,  where  the  Trap  rock  had  been  forced  through 
the  Coal  Measures,  the  coal  was  converted  into  ookB,  and  i 
band  of  ironstone  rendered  magnetic. 

The  President  said:  When  I  mentioned  the  "natural 
coke/'  or  ''  black  stone/'  I  did  not  mean  the  cinders  that 
are  occasionally  met  with  near  some  of  the  trap  dykea,  as  in 
the  county  of  Durham,  because  there  <you  have  not  only  the 
ironstone  as  it  were  made  magnetic,  but  the  coal  is  burnt 
into  cinders  near  the  dyke.  The  black  coal  produced  here 
does  not  appear  to  be  like  that  black  cinder,  nor  does  it 
resemble  coke.  It  is  what  the  late  Mr.  Binney,  in  desoribing 
some  specimens  from  South  Wales,  called  mother-of-ooaL 

Mr.  Radcliffe  :  To  the  best  of  my  belief  the  coke  varied 
both  in  colour  and  density.  I  have  a  specimen  where  the 
prisms  appear  distinctly  formed,  not  unlike  those  of  the 
Giant's  Causeway,  but  that  was  six  or  seven  feet  from  the 
point  of  contact  with  the  Trap  Rock.  But  where  there 
has  been  a  great  crushing,  there  the  blackest  part  of  the  coke 
is,  and  furthest  removed  from  the  cinder-like  form. 

Mr.  Stirrup  suggested  that,  in  consequence  of  the  lateness 
of  the  hour,  further  discussion  upon  the  paper  should  be 
postponed,  imtil  it  was  printed.  The  paper  was  a  valuable 
one,  and  many  members  might  wish  to  have  an  opportunity 
of  expressing  their  views  upon  it. 

The  discussion  was  accordingly  adjourned,  and  the  paper 
on  "  Boulders  from  the  High  Level  Drift  of  Bacup  "  post- 
poned to  a  future  meeting. 
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Mr.  J.  Badcliffe  mentioned  that  in  a  pit  at  Nei 
near  Glasgow,  where  the  Trap  rock  had  been  forced  throi 
the  Coal  Measures,  the  coal  was  converted  into  coke,  ai 
band  of  ironstone  rendered  magnetic. 

The  President  said:  When  I  mentioned  the  ''nal 
coke,"  or  "  black  stone,"  I  did  not  mean  the  cinders 
are  occasionally  met  with  near  some  of  the  trap  dykes,  at 
the  county  of  Durham,  because  there  ^you  have  not  only 
ironstone  as  it  were  made  magnetic,  but  the  coal  is 
into  cinders  near  the  dyke.     The  black  coal  produced 
does  not  appear  to  be  like  that  black  cinder,  nor  does 
resemble  coke.  It  is  what  the  late  Mr.  Binney,  in  describi] 
eome  specimens  from  South  Wales,  called  mother-of-coaL 

Mr.  Badcliffe  :  To  the  best  of  my  beUef  the  coke 
both  in  colour  and  density.     I  have  a  specimen  where 
prisms  appear  distinctly  formed,  not  unlike  those  of 
Oiant's  Causeway,  but  that  was  six  or  seven  feet  from 
point  of  contact  with  the  Trap  Bock.     But  where  ih< 
has  been  a  great  crushing,  there  the  blackest  part  of  the 
is,  and  furthest  removed  from  the  cinder-like  form. 

Mr.  Stirrup  suggested  that,  in  consequence  of  thelateiu 
of  the  hour,  further  discussion  upon  the  paper  should 
postponed,  imtil  it  was  printed.     The  paper  was  a  valual 
one,  and  many  members  might  wish  to  have  an  opportunil 
of  expressing  their  views  upon  it. 

The  discussion  was  accordingly  adjourned,  and  the  papal 
on  "  Boulders  from  the  High  Level  Drift  of  Bacup  "  poflt 
poned  to  a  future  meeting. 
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The  following  notes,  descriptive  of  the  geological  features 
of  the  Richmond  Coalfield,  may  be  interesting  to  geologists. 
Taken  from  Lesley's  United  States  Railroad  and  Mining 
Segister,  quoted  in  Macfarlane's  "  Coal  Regions  of 
America/'  pp.  509  to  514 : — 

Gbanite,  Gneiss,  and  Mica  Slate  surround  the  Bichmond  Goal  Field, 
and  form  its  bed.  Upon  this  face  of  granite  was  deposited  a  coal  bed 
Tarying  from  10  to  60  feet  in  thickness,  dipping  eastward  from  25°  to 
80°  on  the  west  side  of  the  basin,  and  dipping  west  from  20°  to  40°  on 
the  east  side  of  the  basin. 

The  geological  history  of  the  Bichmond  Coal  Field  is  easily  under- 
stood. There  was  once  a  time  when  a  mountain  range  of  granitoid 
rocks  rose  high  above  the  sea  level,  where  Bichmond  and  Petersburg 
now  stand,  and  stretched  away  northward  through  Virginia,  Maryland 
and  South-Eastem  Pennsylvania,  as  far  as  Trenton  on  the  Delaware 
river.  Towards  the  south  it  ranged  past  Baleigh  and  Fayetteville  to 
the  Dahlonega  country  of  G^eorgia.  A  few  miles  further  west,  another 
and  lower  mountain  range  ran  parallel  to  the  first,  but  united  with 
it  before  reaching  the  Potomac  river.  The  valley  between  these  two 
ranges  of  mountains  was  everywhere  at  least  1,000ft.  deep,  and  may 
have  been  thrice  that  depth.  Its  length  was  at  least  300  miles,  and 
may  have  been  400. 

We  know  nothing  about  the  Atlantic  Ocean  coast  at  that  time,  but 
we  know  that  the  coal  measures  of  Pennsylvania,  West  Virginia 
East  Tennessee,  Ohio,  East  and  West  Kentucky,  Illinois,  Missouri, 
and  Kansas  had  been  deposited  to  their  topmost  layer.  The  Carboni- 
ferous sea  had  been  drained,  and  its  bed  lifted  up  many  hundreds  of 
feet  above  tide  level.  The  Eastern  coal  measures,  with  all  the 
formations  under  them,  in  all  more  than  35,000ft.  thick,  had  been 
bent  by  lateral  pressure  (from  shrinkage  of  the  planet  or  some  other 
cause)  into  folds  or  waves,  the  crests  of  which  must,  in  some  cases, 
have  been  five  miles  above  the  level  of  the  sea.  There  is  nothing 
surprising  in  this,  seeing  that  all  Central  Asia  stands  at  the  present 
day  at  this  height,  while  its  southern  border  for  nearly  1,000  miles 
in  length  has  even  a  higher  elevation.  The  uplift  of  the  still  larger 
belt  of  the  Andes  is  another  living  example  of  the  same  kind. 
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The  following  notes,  descriptive  of  the  geological  features 
of  the  Kichmond  Coalfield,  may  be  interesting  to  geologists. 
Taken  from  Lesley's  United  States  Railroad  and  Mining 
Segister,  quoted  in  Macfarlane's  '*  Coal  Regions  of 
America,"  pp.  509  to  514 : — 

Gbanite,  Gneiss,  and  Mica  Slate  surround  the  Bichmond  Goal  Field, 
and  form  its  bed.  Upon  this  face  of  granite  was  deposited  a  coal  bed 
Tarying  from  10  to  60  feet  in  thickness,  dipping  eastward  from  25°  to 
80°  on  the  west  side  of  the  bcusin,  and  dipping  west  from  20°  to  40°  on 
the  east  side  of  the  basin. 

The  geological  history  of  the  Bichmond  Coal  Field  is  easily  under- 
stood. There  was  once  a  time  when  a  mountain  range  of  granitoid 
rocks  rose  high  above  the  sea  level,  where  Bichmond  and  Petersburg 
now  stand,  and  stretched  away  northward  through  Virginia,  Maryland 
and  South-Eastem  Pennsylvania,  as  far  as  Trenton  on  the  Delaware 
river.  Towards  the  south  it  ranged  past  Baleigh  and  Fayetteville  to 
the  Dahlonega  country  of  Georgia.  A  few  miles  further  west,  another 
and  lower  mountain  range  ran  parallel  to  the  first,  but  united  with 
it  before  reaching  the  Potomac  river.  The  valley  between  these  two 
ranges  of  mountains  was  everywhere  at  least  1,000ft.  deep,  and  may 
have  been  thrice  that  depth.  Its  length  was  at  least  300  miles,  and 
may  have  been  400. 

We  know  nothing  about  the  Atlantic  Ocean  coast  at  that  time,  but 
we  know  that  the  coal  measures  of  Pennsylvania,  West  Virginia 
East  Tennessee,  Ohio,  East  and  West  Kentucky,  Illinois,  Missouri, 
and  Kansas  had  been  deposited  to  their  topmost  layer.  The  Carboni- 
ferous sea  had  been  drained,  and  its  bed  lifted  up  many  hundreds  of 
feet  above  tide  level.  The  Eastern  coal  measures,  with  all  the 
formations  under  them,  in  all  more  than  35,000ft.  thick,  had  been 
bent  by  lateral  pressure  (from  shrinkage  of  the  planet  or  some  other 
cause)  into  folds  or  waves,  the  crests  of  which  must,  in  some  cases, 
have  been  five  miles  above  the  level  of  the  sea.  There  is  nothing 
surprising  in  this,  seeing  that  all  Central  Asia  stands  at  the  present 
day  at  this  height,  while  its  southern  border  for  nearly  1,000  miles 
in  length  has  even  a  higher  elevation.  The  uplift  of  the  still  larger 
belt  of  the  Andes  is  another  living  example  of  the  same  kind. 
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From  fhe  Hudson  to  the  Jamee  the  newly-formed  enormoos  banow 
shaped  monntaanB  stretched  along  the  country,  and  in  front  of  thsm 
were,  by  this  time,  the  very  ancient  mountains  of  granite  and  schist 
Tooks,  worn  down  already  to  half  or  two-thiids  of  their  original 
height. 

Erosion  goes  on  in  all  ages.  From  the  moment  the  ooal  measures 
were  lifted  into  the  sky,  ice  and  water  began  the  long  task  of  their 
destruction,  which  has  continued  oyer  since ;  until  now,  in  the  year 
of  our  Lord  1871,  no  point  of  all  that  yast  Himalaya  ooal  oountzy 
can  be  found  which  measures  oyer  4,000  feet  aboye  the  sea.  Thou- 
sands of  square  miles  of  country,  once  ooyered  with  4,000  feet  of  ooal 
measures,  possess  no  longer  a  single  ton  of  coal,  and  haye  eyen  lost 
all  the  formations  underneath  the  coal  down  to  the  limestone  of  thB 
Silurian  system.  The  coalfield,  once  spread  eastward  as  &r  as  New- 
burg,  Easton  Beading,  Harper's  Ferry,  Lynchburg,  and  Atianta. 
Now  nothing  has  been  left  between  this  line  and  the  crests  of  thB 
Alleghany  and  Cumberland  mountains  but  in  a  few  small  patches, 
preseryed  in  a  few  extra  deep  folds  such  as  the  Anthracite  basins  and 
the  Broad  top  in  Pennsylyania,  and  Lookout  mountains  in  Georgia,  or 
along  cracks  in  the  crust  as  at  Agusta  Springs,  and  Blacksburg,  in 
Virginia. 

But  geologists  no  longer  giye  sudden  deluges  the  credit  of  all  this 
destruction.  The  Alps  are  wearing  away  with  great  rapidity,  before 
the  eyes  of  the  people  of  Switzerland,  without  the  agency  of  any 
deluge.  The  glacier  and  the  torrent  are  quite  competent  alone.  So 
they  must  haye  been  in  times  succeeding  the  uplift  of  the  coal 
measures.  But  eyen  glaciers  and  torrents  require  time  for  the 
performance  of  their  task — ^immense  time ! 

During  the  post-carboniferous  ages,  the  Permian,  Triassic,  and 
Liassio  formations  were  deposited  in  a  hundred  seas  and  lakes,  and 
along  the  shores  of  all  oceans  aroimd  the  world. 

It  was  at  this  time  the  Oonnecticut  riyer  yalley  was  fiUed  with  its 
brown  building  stone,  on  which  are  multitudes  of  reptile  tracks ;  and 
some  of  the  reptiles  of  that  day  were  winged,  like  bats — Pterodactyls. 
At  the  same  period,  the  estuary  which  ran  through  south-eastern 
Pennsylyania,  between  the  South  Mountain  or  Blue  Bidge  on  the  one 
hand,  and  the  Philadelphia  and  Baltimore  mountains  on  the  other, 
was  filled  up  with  the  Newark  and  Norristown  brown  building  stone. 

At  the  same  time  that  Middle  New  Jersey,  Eastern  Pennsylyania, 
and  the  Piedmont  coimtry  of  Virginia  and  North  Carolina,  were 
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xeoeiying  their  New  Bed  deposits  on  a  long  wide  estuary  or  arm  of  the 
■ea,  haying  its  capes  at  Trenton  and  Manhattan  island ;  the  yalley 
described  at  the  beginning  of  this  sketch  as  lying  between  two  ranges 
of  mountains  which  stood  where  Bichmond  and  Baleigh  are  now,  got 
filled  up  with  oyer  1000,  and  perhaps  several  thousand,  feet  of  mud 
and  sand.    These  are  the  Bichmond  coal  measures. 

The  yaUey  had  of  course  irregular  bossy  sides,  like  all  yalleys 
between  granite  mountains.  On  its  two  slopes,  and  in  its  bed,  grew 
one  of  the  rankest  yegetations  ever  seen !  a  yegetation  chiefly  of 
moesee,  and  through  which  grew  many  species  of  ferns  and  shrubs 
long  since  extinct,  and  also  an  irregular  forest  of  trees  of  species  now 
eoctinct. 

So  deep  was  the  growth  of  moss  all  over  the  yalley,  that  when  sub- 
sequently coyered  up  and  pressed  down  by  a  thousand  or  more  feet  of 
rock,  and  crystallized,  it  made  a  bed  of  bituminous  coal,  varying  in 
thickness  from  7  or  8  to  even  60  feet. 

This  is  the  bed  which  the  shafts  at  Midlothian  and  CloyerHill 
Gollieries  reach  at  various  depths  of  from  400  to  800  feet.  The  coal 
having  grown  on  the  sides  of  the  yalley,  shafts  sunk  near  the  edge  of 
the  field  are  shallow,  while  those  towards  the  centre  of  the  field  are 
deep.  The  greatest  depth  of  the  ancient  valley  beneath  the  present 
mxrface  has  never  been  made  known.  But  all  the  shafts  yet  sunk 
descend  through  sloping  strata  of  Psammites,  or  granite-like  sand- 
stone, the  washings  of  surrounding  granite  mountains  into  the  valley, 
when,  after  the  growth  of  the  coal-beds,  the  continent  was  again 
sufficiently  depressed  below  the  ocean  level  to  turn  the  yalley  into  a 
lake  or  into  an  arm  of  the  sea. 

Had  the  valley  been  previously  half-filled  with  water,  and  this  lake 
been  filled  up  with  washings  from  the  sides,  there  would  have  been 
made  in  time  broad  level  meadows,  and  the  coal  bed  would  have  been 
both  regular  in  thickness  and  horizontal  in  position ;  or,  if  the  move- 
ments of  the  earth  disturbed  its  horizontality,  the  dip  or  strike  of  the 
bed  would  have  obeyed  some  regular  law  which  geologists  might 
difloover  and  miners  conform  to.  But  the  fact  seems  to  be  that  the 
coal  bed  was  formed  almost  immediately  after  the  valley  itself  was 
excavated,  and  therefore  upon  a  very  irregular  surface,  and  in  very 
unequal  thicknesses — filling,  as  it  were,  ravines  and  basins  in  the 
ndes  and  bottom  of  the  ancient  valley,  which  has  made  mining  an 
embarrassinK  business. 
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The  geological  diffionlty  will  not,  boweyor,  stand  in  the  way  of  tht 
proper  derelopment  of  the  Bidbmond  ooal  basin,  when  those  into 
whose  hands  its  property  tracts  ftdl,  leazn  that  before  a  shaft  is  Bosk 
the  whole  of  the  ground  of  any  proposed  ooUiery  must  be  carefnllj 
studied  with  the  diamond  drilL 

We  have  often  turned  with  a  mrt  of  wonder  to  reheard  the  Biehmomi 
Coal  &a<tn.  Its  hietory  is  very  strange.  It  was  one  of  the  earliest 
opened  by  the  miner.  It  is  the  solitary  one  ai  tide-waier  and  near  s 
staJte  capUalt  for  Ehode  Island  ooal  basin  does  not  deserre  the  nsms. 
It  contains  seyeral  beds  of  coal,  and  one  of  these  sometimes  of  the 
great  thickness  of  60  feet.  It  is  mined  on  the  "Rngli'ali  plan,  and 
affords  a  variety  of  fuel  from  gas  coal  to  natural  ooke.  One  would 
have  expected  its  complete  development  long  ere  this. 

A  little  reflection,  however,  will  serve  to  explain  the  phenomenon. 
The  Richmond  Coal  Field  is  in  Virginia ;  and  Virginia  has  been  i%  a 
profound  sleep  for  a  hundred  years,  a  sleep  undisturbed  by  dreamt  of 
any  other  than  a  political  complexion, 

InduBtry  was  always  ignoble  in  Virginia ;  speculating  in  money 
making  was  always  under  a  sort  of  ban.  Investments  in  unwieldy 
breadth  of  soil  was  the  only  vogue.  The  manufacturing  element  of 
society  was  carefully  excluded  from  the  commonwealth.  Wood  wm 
always  in  plenty  for  the  hearth  and  the  forge ;  and  why  raise  stone  coal, 
where  there  were  neither  steam  mills,  cotton  mills,  nor  woollen  mills, 
coke  stacks  nor  puddling  furnaces  in  the  region  ?  The  Tredegar  Iron 
Works  could  supply  itself  from  Baltimore,  or  raise  enough  from  a 
single  shaft  with  50  black  miners  to  supply  all  its  needs.  From  the 
Blue  Ridge  to  the  sea  shore,  and  from  the  Potomac  to  the  Savannah, 
no  one  thought  of  using  stone  coal  for  any  purpose  whatsoever.  If 
they  had  the  capacity,  the  Richmond  field  would  have  been 
developed ;  for  it  stands  alone,  or  stood  alone,  the  solitary  source  of 
mineral  fuel  for  a  region  500  miles  long  and  250  miles  wide.  The 
Deep  Biver  basin  was  almost,  and  the  Dan  Biver  basin  was  wholly, 
unknown.  Even  now  the  latter  remains  practically  untouched,  and 
the  former  is  not  to  be  compared  with  the  Richmond  field  for  situa- 
tion and  size  of  its  bods. 
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WIGAN    MEETING. 


The  Ordinary  Meeting  of  the  Members  was  held 
on  Friday,  6th  January,  1888,  in  the  Mining  School, 
Wigan. 

Mr.  W.  S.  Barrett,  Member  of  the  Council, 

in  the  Chair. 


Mr.  W.  Wood,  who  had  promised  to  exhibit  and  describe 
a  Miner's  Safety  Lamp,  with  his  patented  improvement  for 
extinguishing  the  flame  in  the  vicinity  of  explosive  gases, 
said  that — owing  to  illness — he  was  not  ready  with  his 
lamp,  but  he  promised  to  bring  it  before  a  future  meeting. 


Mr.     G.    H.    HoLLiNGwoRTH    (one    of    the    Honorary 

Secretaries)   said   that  Mr.  Emmerson   Bainbridge,  of  the 

Nunnery  Collieries,  Sheffield,  had  forwarded  the  following 

paper,  and  had  written  to  say  that  he  had  sent  his  lamp 

.on,  but  it  had  not  yet  arrived  at  the  Mining  School : — 
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ON  A  NEW  DESCRIPTION    OF   MINERS' 

SAFETY  LAMP. 
By  Mr.  Emerson  Bainbridoe,  M.Inst.C.E. 


During  the  past  few  years  a  large  number  of  safety 
lamps  have  been  brought  before  the  mining  public,  and 
whilst  the  primary  object  of  the  inventor  has  generally 
been  to  enable  the  lamp  to  stand  a  high  velocity  of 
explosive  current,  the  other  objects  aimed  at  have  genenJly 
been  as  follows  : — 

1.  Good  illuminating  power. 

2.  Self-extinguishing  lamps  to  extinguish  when  opened. 

3.  Mechanical  "  shuts  off "  to  be  applied  by  the  miner. 

4.  Self-acting  "  shuts  off "  in  which  the  gas  in  the  lamp 
automatically  causes  the  closing  of  the  orifice  through  which 
the  lamp  is  fed  with  the  fresh  air. 

The  new  Mines  Act,  which  came  into  force  on  the  Ist 
of  January,  during  the  present  year,  contains  several  new 
regulations  with  regard  to  safety  lamps,  the  most  important 
of  these  being  that  a  safety  lamp  used  underground  shall 
be  of  such  description  as  will  not  fire  an  explosive  current 
impinging  against  the  lamp  at  a  velocity,  the  same  as  that 
which  exists  in  the  place  where  the  lamp  will  be  in  use. 
Thus  the  Davy,  Stevenson,  and  Clanny  lamps  are  practically 
condemned. 

The  lamp  designed  by  the  author,  and  submitted  to  vour 
Society  to-day,  has  the  following  special  features : — 

1.  It  is  a  lamp  composed  of  only  four  movable  parts, 
which  parts  are  simple,  and  easily  put  together,  instead  of 
there  being  about  ten  parts,  as  is  the  case  with  some  of  the 
modem  improved  safety  lamps. 

2.  The  lamp  bottom,  being  subject  to  great  wear  and 
tear,   is   made   specially   strong   where   most   needed.     The 


inside  of  the  brass  bottom  is  covered  with  tin,  which, 
whilst  preventing  corrosion,  maintains  the  full  lighting 
power  of  the  illuminant  used. 

3.  It  is  suggested  that,  on  the  ground  \  of  economy  and 
superior  light,  deodorised  spirit  (which  costs  one-half  as 
much  as  oil)  should  be  used,  the  flame  being  adjusted  by 
means  of  a  ring  roimd  the  wick  tube,  and  an  ordinary 
thumb  screw  or  pricker.  Although  spirit  is  recommended, 
colza,  seal,  or  other  oils  may  be  used  if  preferred. 

4.  The  glass  is  about  f-inch  longer  than  the  ordinary 
Clanny  lamp  glass,  and  is  made  of  a  specially  clear  and 
transparent  quality  of  glass,  polished  at  both  ends,  and 
properly  annealed.  It  can  be  cleaned  in  its  place,  and  need 
never  be  moved  except  in  case  of  accident.  As  special 
provision  for  expansion  by  heat  is  made,  breakages  will 
necessarily  be  few. 

5.  The  glass  frame,  or  body  of  the  lamp,  is  supported  by 
four  pillars,  which  are  so  placed  as  to  allow  f  ths  or  more 
of  the  glass  to  be  free  from  a  pillar,  and  its  consequent  and 
objectionable  shadow. 

6.  The  gauze  can  only  be  taken  out  by  removing  the 
locked  bonnet.  This  is  done  by  having  the  top  of  the 
lamp  to  unscrew.  The  top  is  locked  by  a  bolt,  which  is 
also  fastened  by  the  lock  securing  the  lamp. 

7.  The  holes  at  the  top  of  the  bonnet  are  made  above 
the  gauze,  and  the  cap  of  the  gauze  is  of  metal  instead  of 
the  usual  gauze,  thus  insuring  a  much  decreased  wear  and 
tear. 

8.  This  lamp  has  been  tested  in  the  highest  explosive 
current,  at  a  velocity  of  ovei*  30  feet  per  second,  and  does 
not  explode,  but  is  found  perfectly  safe.  It  should  be  noted 
that  this  velocity  is  twice  as  great  as  is  met  with  in  amj 
ordinary  coal  mine. 
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9.  All  parts  of  the  lamp  are  interchangeable. 

10.  The  proportions  of  the  glass  and  gauze,  and  the 
position  and  size  of  the  inlet  and  outlet  holes  for  air  are 
special,  and  have  been  decided  on  after  a  series  of  careful 
experiments. 

11. — Safety,  economy  in  burning,  cleaning  and  repairing, 
bright  illuminating  power  and  lightness  (consistent  with 
strength)  have  been  specially  aimed  at  in  designing  this 
lamp. 

It  will  be  observed  from  the  characteristics  which  have 
been  referred  to,  the  novel  points  in  the  lamp  are  as 
follow : — 

1.  The  air  being  admitted  at  the  side  of  the  bonnet  dis- 
penses with  the  use  of  holes  through  the  brass  frame,  the 
strength  of  which  is  thus  not  interfered  with. 

2.  The  screw  by  which  the  bonnet  is  attached  to 
the  main  part  of  the  lamp  is  a  male  screw,  the  ordinarj^ 
attachment  being  by  a  female  screw.  The  advantage  in 
favour  of  the  former  is  that  the  inlet  of  air  to  feed  the 
flame  is  brought  nearer  to  the  flame  itself. 

3.  The  inner  shield  has  the  effect  of  acting  as  a  barrier 
against  a  current  of  explosive  mixture,  and  increasing  the 
safety  of  the  lamp  in  such  mixture. 

4.  The  severe  repairs  which  lamps  require  are  largely 
due  to  the  illtreatment  they  frequently  receive  in  being 
screwed  and  imscrewed,  and  especially  in  screwing  up  the 
glass.  In  the  lamp  submitted  this  evil  is  dispensed  with, 
as  the  glass  when  once  placed  need  not  be  removed  until 
it  breaks. 

6.  By  increasing  the  distance  apart  of  two  of  the  pillars 
supporting  the  glass  frame,  the  usual  shadow  caused  by  the 
centre  pillar  is  dispensed  with.     The  writer  does  not  know 
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to  what  extent  the  upper  part  of  the  lamp  could  be  applied 
to  existing  Clanny  lamps,  but  believes  there  will  be  no 
difficulty  in  making  a  bonnet  to  suit  existing  lamps  at  a 
small  cost.  Through  particulars  which  have  been  taken  out 
at  a  number  of  collieries,  the  author  finds  that  where  oil  is 
used  the  cost  per  year  for  lamp  cleaning,  including  every- 
thing, amoimts  to  15s.  or  16s.  per  lamp,  and  with  ordinary 
deodorised  spirit  the  cost  is  about  10s.  per  year.  By  the 
use  of  spirit  in  a  more  economical  way,  by  storing  the 
spirit  in  proper  chambers  to  prevent  evaporation,  and  by  an 
improved  mode  of  burning  the  spirit,  the  writer  expects  to 
be  able  to  use  the  lamp  described  at  a  cost  of  not  more  than 
7s.  6d.  per  lamp  per  year.  Another  arrangement  of  the 
lamp  provides  for  a  "  shut  off,"  and  this  is  shown  on  the 
other  drawing  accompanying  the  paper,  but  the  author  has 
found  that  a  "  shut  off,''  which  acts  excellently  in  a  still 
atmosphere,  frequently  fails  to  act  in  a  strong  current  of 
air  as  the  very  smallest  leakage  will  cause  enough  air  to  pass 
to  support  combustion ;  in  fact  a  shut  off  is  much  more  an 
ingenious  adjustment  to  a  lamp  than  a  practical  advantage. 
The  lamp  has  been  tested  at  a  velocity  of  the  highest 
explosive  current  at  30  feet  per  second,  and  has  been  found 
quite  safe,  and  as  the  first  cost  is  low,  the  author  hopes  that 
its  special  features,  and  the  economy  in  lighting,  cleaning, 
and  repairs ;  its  simple  construction  and  safety  in  working, 
will  cause  the  lamp  described  to  be  interesting  to  your 
Society. 


The  Chairman  said  it  would  be  very  difficult  to  discuss 
the  merits  of  the  lamp  in  the  absence  of  the  lamp  itself  and 
therefore  the  discussion  had  better  be  adjourned. 
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A   NEW   LEAD   RIVET   MOULD. 
By   Mr.   Hexry   Bram.\ll,    M.Tnst.C.E. 


<5\ 


In  the  absence  of  the  inven^r,  Mr.  Henry  Bramall, 
of  Pendlebury,  Mr.  George  H.  Hollingworth  (one 
of  the  Honorary  Secretaries),  exhibited  the  machine, 
and  read  the  following  description  of  this  new  patent 
tool  for  making  lead  rivets  for  locking  safety  lamps. 
He  said :  Of  the  various  methods  of  securely  locking 
safety  lamps,  perhaps  there  is  none  better  for  adaptability, 
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efficiency,  and  general  handiness  than  the  simple  lead 
rivet.  But  care  should  be  taken  to  have  the  holes  in  the 
lamps  rymered  accurately  to  the  same  shape  and  size,  and 
the  rivets  should  fit  tolerably  well,  be  of  sufficent  length  and 
solid.  The  rivet  moulds  heretofore  in  use  are  apt  to  turn  out 
"  blown"  and  imperfect  rivets,  and  require  a  second  operation 
after  the  moulding  to  detach  them  from  the  "head"  and 
"gits."  To  overcome  these  defects  the  patent  mould  now 
exhibited  has  been  devised.  It  consists  of  two  parts  joined 
by  a  centre  pin,  somewhat  like  a  pair  of  pincers,  the  jaws 
sliding  in  contact  like  a  pair  of  shears.  The  lower  jaw 
has  on  its  upper  side  a  series  of  20  holes  of  the  form  of 
the  rivet  it  is  desired  to  make,  and  which  constitute  the 
moulds ;  and  the  upper  jaw  is  dished  on  its  upper  side,  and 
a  series  of  holes  or  gits  are  bored  through  to  correspond  with 
the  moulds  in  the  lower  jaw  when  closed.  There  is  a  wedged 
shaped  piece  on  the  upper  jaw  which  slides  into  a  sort  of  slot 
piece  on  the  lower  jaw  and  locks  them  firmly  together  when 
closed.  The  handles  are  long  and  strong  to  afford  ample 
leverage,  and  one  of  them  is  bent  so  as  to  form  a  stop  when 
the  jaws  are  closed  in  proper  position.  The  method  of  using 
is  extremely  simple.  The  mould  is  closed  and  melted  lead 
carefully  poured  in,  and  as  soon  as  this  has  set,  the  handles 
are  separated,  the  jaws  being  fitted  very  close,  shear  off  the 
gits,  and  on  the  mould  being  turned  over  and  dropped  on  the 
projecting  pin  the  rivets  are  shaken  out,  finished  ready  for 
use  ;  the  gits  and  heads  also  fall  out  and  are  easily  picked 
up  and  returned  to  the  melting  pot.  With  one  of  these 
moulds  one  man  (aided  by  a  boy  to  melt  the  lead)  can  easily 
make  301bs.  per  hour  or  2,700  rivets.  With  two  moulds 
about  45,000  rivets  per  day  can  be  turned  out.  These 
moulds  are  in  daily  use  at  Messrs.  A.  Knowles  and  Sons' 
Collieries,  and  have  proved  very  satisfactory. 
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Mr.  Burrows  said  there  seemed  to  be  no  provision  far 
knocking  the  rivets  out  of  the  holes. 

The  Chairman  :  They  drop  out. 

Mr.  Burrows  :  That  is  the  theory.  We  have  a  macIuDe 
for  knocking  them  out,  but  sometimes  they  stick  if  there  is 
the  least  roughness.    That  is  the  only  weak  point  I  see  in  it 

The  Chairman  :  Would  not  a  bit  of  grease  obviate  that? 

Mr.  Burroi^'s  :  It  would  go  on  for  a  few  months  and  then 
occur  again. 

Mr.  E.  Bramall:  You  have  only  just  to  reverse  the 
machine. 

Mr.  Teale  said  they  had  a  machine  in  operation  at  their 
works  which  turned  out  250  to  300  a  minute.  It  was  self* 
feeding,  drew  the  wire  the  exact  length,  and  cut  it  off  It 
seemed  to  him  that  their  machine  did  the  work  much  more 
efficiently  and  at  a  cost  of  only  Is.  7d.  per  thousand. 

Mr.  E.  Bramall  :  The  great  advantage  of  our  machine 
and  using  rivets  is  that  you  can  use  the  old  ones  up 
again,  and  also  utilize  any  old  scrap  lead. 


AUTOMATIC  LOCK  FOR  SHIELDS  OR   BONNETS 

OF  SAFETY  LAMPS. 


Mr.  Teale  introduced  a  new  patent  locking  arrangement 
by  Mr.  James  Radcliffc,  of  the  Dukinfield  Collieries,  which 
has  for  its  object  the  securing  of  the  shield  or  bonnet  to 
miners'  lamps  when  at  work.  The  improvements  in  lamps 
had  gone  on  to  such  an  extent  that  we  were,  observed  Mr. 
Teale,  in  tlie  difficult  position  of  having  lamps  so  securely 
shielded  that  they  did  not  admit  of  proper  inspection  and 
might  bo  allowed  to  go  down  into  the  mine  in  a  dangerous 
condition.     Some  of  the  shields  in  use  at  the  present  time 
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were  fastened  to  the  upper  part  of  the  lamp,  completely 
oovermg  the  gauzes  inside,  and  making  it  impossible  for  the 
examiner  to  efficiently  examine  the  lamp  before  it  was  taken 
into  the  workings,  as  required  by  the  New  Mines  Regulation 
Act  of  1887.     This  difficulty  in  not  being  able  to  see  at  a 
glance  the  whole  of  the  lamp  had  sometimes  led  to  the  lamp 
being  sent  down  the  mine  in  an  imperfect  condition.     In- 
stances had  occurred  where  the  lamp  had  been  sent  down 
without  any  gauzes  in,  and  in  other  cases,  where  the  gauzes 
had  not  been  taken  out  for  cleaning  purposes,  holes  had  been 
found  made  by  the  brush  of  the  lamp-cleaner,  and  which 
could  not  be  seen  if  the  bonnet  were  fast  on  the  lamp.     Mr. 
Radcliffe's  invention  admitted  the  use  of  a  loose  shield  or 
bonnet,  which  could  only  be  taken  off  when  the  lamp  was 
pulled  to  pieces.     It  was  the  last  part  to  be  taken  off  and  the 
last  part  to  be  added  when  preparing  the  lamp  for  its  work. 
The  upper  part  of  the  shield  carried  a  snug,  which,  when  the 
shield  was  put  over  the  lamp  top,  dropped  through  a  recess 
cut  in  the  cover  of  the  lamp,  and  which,  on  pushing  the 
shield  roimd  a  little,  passed  over  a  spring  fitted  on  the  under- 
side of  the  cap  or  cover  of  the  lamp.     Immediately  this  snug 
had  passed  the  spring  it  came  in  contact  with  the  standard 
of  the  lamp,  and  it  could  then  go  no  further,  whilst  the  spring 
prevented  its  gettiag  back,  and  the  shield  or  bonnet  was 
automatically  locked.     To  unlock  or  take  off  the  shield  the 
whole  of  the  lamp  had  to  be  taken  to  pieces  and  a  pressure 
applied  to  the  imderside  of  the  spring.     The  shield  could 
then  be  slid  back  imtil  the  snug  on  the  shield  was  opposite 
the  recess,  when  the  bonnet  coidd  be  taken  off.     The  lock 
oould  be  fitted  to  different  parts  of  the  lamp,  but  by  preference 
it  was  fitted  to  the  underside  of  the  cover,  and  it  could  be 
applied  to  any  lamp  on  which  the  shield  was  used.     In 
taking  it  from  the  lamp-room  to  the  examiner  the  shield  was 
put  on  the  lamp  but  not  locked.     It  could  then  be  lifted  off 
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by  the  examiner,  who  could  see  the  whole  of  the  lamp  at 
once,  and  then  be  put  on  and  locked  by  simply  turning  the 
shield  round  on  to  the  spring.  The  arrangement  was  neither 
costly  nor  complicated,  but  simple  and  efficient,  and  not 
liable  to  get  out  of  order. 

Mr.  Burrows  said  the  only  loose  shield  he  had  preTioosly 
seen  required  a  second  lock.  The  one  which  had  been  shown 
and  described  seemed  to  be  very  simple,  and  needed  no 
second  lock,  as  it  locked  itself . 


AN  IMPROVED  TIN  CAN  LAMP. 


Mr.   Hknry    Hall,   Government    Inspector   of    Mines, 
observed  that  a  strict  interpretation  of  the  new  Mines  Act 
might  possibly  prohibit  any  lamp  being  used  in  a  mine 
where  the  glass  or  the  shield  was  movable  at  the  discretion 
of  the  person   using   the  lamp,  except  for  the  purpose  of 
firing  shots.     He  had  designed  a  lamp  specially  to  meet  thw 
requirement,  and  he  submitted  it  to  the  meeting.     It  was  a 
new  arrangement  of  the  tin  can  type  of  lamp,  but  differed 
in  several  important  particulars  from  the  general  character 
of  this  class  of  lamp.     In  his  lamp  he  got  the  air  from  the 
top  part,  so  as  to  be  readily  able  to  detect  gas.     Also,  when 
it  was  opened  for  the  purpose  of  lighting  shots  the  light 
was   not   exposed.     The   lamp   consisted   simply   of   three 
pieces — a  shield,  gauze  and  oil   receiver.     The  shield,  as 
already  intimated,  had  perforations  at  the  top,  instead  of  the 
bottom,  as  in  the  general  run  of  tin  shields,  and  the  gauze 
was  made  slightly  narrower  than  in  the    ordinary  Davy 
lamp  gauze. 

Mr.  Mawson  :  Does  that  lamp  give  off  as  much  light  as 
one  with  a  bigger  gauze  ? 
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Mr.  Hall  :  I  do  not  think  the  size  of  the  gauze  makes 
any  difference.  A  narrow  gauze  has  this  advantage,  that 
it  does  not  pass  flame  in  a  current  so  readily  as  one  of 
larger  diameter. 

The  Chairman  :  Is  not  the  gauze  nearer  the  flame  than 
in  most  other  lamps  ? 

Mr.  Hall  :  Yes,  the  gauze  is  nearer,  so  as  to  keep  it 
away  from  the  glass. 

Mr.  WiNSTANLEY :  Does  it  not  get  heated  ? 

Mr.  Hall  :  No.  I  am  certain  that  having  the  holes  at 
the  top  is  a  great  improvement,  both  in  searching  for  gas 
and  in  keeping  the  top  of  the  lamp  cool.  The  lamp  has 
those  two  advantages. 


A  NEW  ELECTRIC  MINER'S  LAMP. 


Mr.  Oswald  Swete,  representing  the  Sun  Portable  Electric 
Lamp  Company,  exhibited  a  portable  electric  miner's 
lamp,  which  excited  considerable  interest.  This  lamp,  he 
explained,  was  the  invention  and  patent  of  Mr.  David 
XJrquhart,  C.E.,  and  when  charged  and  in  working  order, 
w^ghed  only  S^lb. ;  it  was  9in.  in  height,  exclusive  of  the 
hook  to  carry  it  by,  3fin.  in  diameter,  and  the  elements 
were  contained  in  a  solid  tinned  teak  box  of  ^in.  thickness 
and  perfectly  watertight.  This  was  divided  into  two  cells, 
and  all  connections  were  of  platinum  or  metal  platinised,  so 
that  the  dilute  sidphuric  acid  used  in  the  battery  had  no 
corroding  action  upon  them,  and  the  points  of  contact  were 
thus  kept  clean  and  bright.  The  cells  were  fitted  with  a  lid 
rendered  watertight,  which  was  kept  closely  down  upon 
them  by  a  metal  cover  and  union  screw  similar  to  a  hose 
coupling.  Upon  this  coupling  was  a  brass  wire  cage  pro- 
tecting a  toughened  glass  cylindrical  dome,  inside  of  which 
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by  the  examiner,  who  could  see  the  whole  of  the  lamp  at 
once,  and  then  be  put  on  and  locked  by  simply  turning  the 
shield  round  on  to  the  spring.  The  arrangement  was  neither 
costly  nor  complicated,  but  simple  and  efficient,  and  not 
liable  to  get  out  of  order. 

Mr.  Burrows  said  the  only  loose  shield  he  had  preTioosly 
seen  required  a  second  lock.  The  one  which  had  been  shown 
and  described  seemed  to  be  very  simple,  and  needed  no 
second  lock,  as  it  locked  itself. 


AN  IMPROVED  TIN  CAN  LAMP. 


Mr.  Hknry  Hall,  Government  Inspector  of  Mines, 
observed  that  a  strict  interpretation  of  the  new  Mines  Act 
might  possibly  prohibit  ariy  lamp  being  used  in  a  mine 
where  the  glass  or  the  shield  was  movable  at  the  discretion 
of  the  person  using  the  lamp,  except  for  the  purpose  of 
firing  shots.  He  had  designed  a  lamp  specially  to  meet  this 
requirement,  and  he  submitted  it  to  the  meeting.  It  was  a 
new  arrangement  of  the  tin  can  type  of  lamp,  but  difEered 
in  several  important  particulars  from  the  general  character 
of  this  class  of  lamp.  In  his  lamp  he  got  the  air  from  the 
top  part,  so  as  to  be  readily  able  to  detect  gas.  Also,  when 
it  was  opened  for  the  purpose  of  lighting  shots  the  light 
was  not  exposed.  The  lamp  consisted  simply  of  three 
pieces — a  shield,  gauze  and  oil  receiver.  The  shield,  as 
already  intimated,  had  perforations  at  the  top,  instead  of  the 
bottom,  as  in  the  general  run  of  tin  shields,  and  the  gauze 
was  made  slightly  narrower  than  in  the  ordinary  Davy 
lamp  gauze. 

Mr.  Mawson  :  Does  that  lamp  give  off  as  much  light  as 
one  with  a  bigger  gauze  ? 
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Mr.  Hall  :  I  do  not  think  the  size  of  the  gauze  makes 
any  difference.  A  narrow  gauze  has  this  advantage,  that 
it  does  not  pass  flame  in  a  current  so  readily  as  one  of 
larger  diameter. 

The  Chaikman  :  Is  not  the  gauze  nearer  the  flame  than 
in  most  other  lamps  ? 

Mr.  Hall  :  Yes,  the  gauze  is  nearer,  so  as  to  keep  it 
away  from  the  glass. 

Mr.  WiNSTANLEY :  Does  it  not  get  heated  ? 

Mr.  Hall  :  No.  I  am  certain  that  having  the  holes  at 
the  top  is  a  great  improvement,  both  in  searching  for  gas 
and  in  keeping  the  top  of  the  lamp  cool.  The  lamp  has 
those  two  advantages. 


A  NEW  ELECTRIC  MINER'S  LAMP. 


Mr.  Oswald  Swete,  representing  the  Sun  Portable  Electric 
Lamp  Company,  exhibited  a  portable  electric  miner's 
lamp,  which  excited  considerable  interest.  This  lamp,  he 
explained,  was  the  invention  and  patent  of  Mr.  David 
XJrquhart,  C.E.,  and  when  charged  and  in  working  order, 
weighed  only  S^lb. ;  it  was  9in.  in  height,  exclusive  of  the 
hook  to  carry  it  by,  3§in.  in  diameter,  and  the  elements 
were  contained  in  a  solid  tinned  teak  box  of  ^in.  thickness 
and  perfectly  watertight.  This  was  divided  into  two  cells, 
and  all  connections  were  of  platinum  or  metal  platinised,  so 
that  the  dilute  sulphuric  acid  used  in  the  battery  had  no 
corroding  action  upon  them,  and  the  points  of  contact  were 
thus  kept  clean  and  bright.  The  cells  were  fitted  with  a  lid 
rendered  watertight,  which  was  kept  closely  down  upon 
them  by  a  metal  cover  and  union  screw  similar  to  a  hose 
coupling.  Upon  this  coupling  was  a  brass  wire  cage  pro- 
tecting a  toughened  glass  cylindrical  dome,  inside  of  which 
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was  a  small  incandescent  lamp,  fitted  in  a  spring  holder. 
Underneath,  and  pressing  upon  the  toughened  glass  dome, 
was  a  stroDg  spring,  so  that  should  the  dome  be  broken 
accidentally — which  was  only  a  very  remote  possibility— 
the  incandescent  lamp  would  be  forced  to  the  top  of  the  wire 
cage,  thus  breaking  instantaneously  all  connection  with  the 
battery,  because  when  toughened  glass  was  cracked  in  e^er 
so  slight  a  degree,  the  whole  fell  to  powder  and  thus  left  no 
large  pieces  to  intercept  the  lamp  from  breaking  connection 
with  the  battery.     The  electro-motive  force  of  this  batteiy 
was  4'7  volts  and  the  current  0*5  of  an  ampere  for  twelve 
hours  with  a  charging  from  a  dynamo  machine  of  three  or 
four  hours.     The  battery  was  not  a  secondary  batteiy,  as 
many  inferred,  neither  was  it  a  true  primary  battery,  but  a 
kind  of  primo-secondary  giving  a  much  higher  electro  force 
than  either  a  primarj^  or  8econdar}\     The  batteries  could  be 
easily  re-charged  by  a  dynamo  machine,  a  so-called  one-unit 
machine  being  capable  of  charging  about  150  of  these  lamps, 
taking  about  1 J  horse-power  to  effect  this.    The  lamp  would 
bum  in  any  position,  upside  down  if  required,  and  the  light 
could  be  switched  off  if  necessary.     Another  form  of  the 
lump  was  one  in  which  there  was  a  hooded  reflector  behind 
the  incandescent  lamp,  thro\ving  a  strong  beam  of  light  in 
front  of  the  lamp.     The  light   emitted  was  exactly   four 
times  that  of  a  Mueseler  mining  lamp.     The  lamp  had  been 
tested  at  Rotherham  in  a  testing  chamber  and  had  failed  to 
fire    an    explosive  mixture  everj'  time  it  had  been  tested, 
even  when  both  dome  and  incandescent  lamp  were  broken. 
The  cost  of  maintenance,  including  charging,  repairs,  &c., 
and  renewals  of  elements,  came  to  3d.  per  lamp  per  week. 

TJiis  concluded  the  business  of  the  meeting. 


TRANSACTIONS 

OF  THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 


Pabt  XV.  Vol.  XIX.  Session  1887-8. 


EVteJ^ING  MEETING  AT  THE  O^VENS  COLLEGE. 


A  Special  Meeting  of  the  members  was  held  in  the  New 
Museum  Buildings,  Owens  College,  on  the  Evening  of 
Friday,  27th  January,  1888,  at  the  invitation  of  the 
Principal  and  Council  of  the  College. 

The  members,  after  partaking  of  tea  and  coffee  (kindly 
provided  by  the  College  authorities),  assembled  in  one  of 
the  new  lecture  haUs  to  hear  a  paper  on  the  "  Old  Red 
Sandstone  Fossil  Fishes  from  the  Caithness  Beds,"  by  Mr. 
G.  Edward.  The  President,  Mr.  Joseph  Dickinson,  F.G.S., 
oocupied  the  chair,  and  was  supported  by  the  Principal  of 
the  College,  Professor  W.  C.  Williamson,  F.R.S. ;  Professor 
W.  Boyd  Dawkins,  F.II.S. ;  and  Mr.  E.  Douner. 


The  President  said:  There  are  two  subjects  for  this 
evening  which  may  occupy  some  time — first  there  is  Mr. 
Edward's  paper  on  the  fossil  fishes  of  the  Old  Red  Sand- 
stone ;  and  after  that  we  are  to  hear  Professor  Williamson 
describe  some  of  the  beautiful  fossils  which  are  now  to  be 
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seen  in  the  Geological  room.  I  will,  therefore,  not  oocnpf 
the  time  of  the  meeting  by  offering  any  remarks.  I  would, 
however,  like  to  say  one  thing.  As  one  of  the  oldest 
members  of  the  Greological  Society — one  who  was  very  mueli 
attached  to  the  old  museum  in  Peter  Street,  and  who 
regretted  to  see  the  collections  removed  so  far  from  the 
centre  of  the  city — I  think,  seeing  the  admirable  arrange- 
ments made  here  for  the  housing  of  those  collections,  that 
we  cannot  but  come  to  the  conclusion  that  a  great  change 
has  been  made  for  the  better.  We  have  now  a  museum 
which,  although  it  is  not  yet  fully  arranged,  will  be  worthy 
of  the  city  to  which  it  belongs.  Perhaps  Professor  Dawkins 
will  say  a  few  words  on  the  present  state  of  the  museum  and 
the  probable  time  when  it  will  be  complete. 

Professor  Boyd  Bawkixs  said :  Mr.  President,  and 
gentlemen :  I  feel  a  double  pleasure  in  seeing  the  Man- 
chester Geological  Society  here  this  evening.  First,  as  a 
member  of  the  Society  who  has  been  doing  his  best  for  some 
years  to  advance  the  study  of  his  special  subject  in  this  part 
of  the  world ;  and,  secondly,  from  the  fact  of  my  having 
had  the  custody  of  these  magnificent  collections  for  so  many 
years,  and  of  having  at  last  seen  within  my  reach  the 
realisation  of  a  dream.  You  know  that  these  large  collec- 
tions are  very  largely  due  to  the  pains  and  the  trouble  and 
the  care  which  have  been  bestowed  upon  them  by,  for  the 
most  part,  members  of  the  Manchester  Geological  Society, 
and  you  cannot  but  be  aware  that  for  the  last  15  or  16 
years,  by  the  force  of  circumstances,  it  was  quite  impossible 
for  these  collections  to  be  made  accessible  and  useable. 
Well,  gentlemen,  when  you  see  this  evening  what  there  is 
in  one  part  of  the  museum,  at  all  events,  you  will  see  that 
the  authorities  of  the  college  have  done  their  very  best  to 
give  a  due  and  fitting  home  to  this  collection ;  and  I, 
speaking  from   the   purely    college  side   of   the   question, 
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would  say  that  all  of  us  will  do  our  very  best  to  make  this 
museum,  as  a  whole,  worthy  of  Manchester.  With  regard 
to  that  part  of  it  which  more  intimately  concerns  the 
Oeological  Society — the  geological  part — I  think  that  I  am 
not  too  bold  when  I  say  that  I  look  forward  in  about,  say 
another  year's  time,  to  Manchester  possessing  a  museum 
which  will  be,  perhaps,  alone  in  some  respects  among 
the  museums  in  this  country,  owing  to  our  having  taken 
mdvantage  of  our  unique  position  with  regard  to  the  coal 
measures.  From  what  you  have  seen  to  night,  you  will 
gather  an  idea  of  what  we  are  doing  ;  and  I  hope  that  when 
in  the  future  you  come  here,  when  you  come  again  to  visit 
these  collections  which  were  made  originally  by  you,  and 
which  were  handed  over  to  the  college  for  the  good 
of  the  public,  you  will  be  able  to  see  in  these  collec- 
tions no  mere  dead  lot  of  fossils  without  any  human  interest, 
but  you  will  see  that  they  tell  a  story  of  the  ancient  history 
of  the  earth  so  plainly  and  simply — so  free  from  long  words 
— that  even  a  child  may  learn  something  from  them. 
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THE  OLD  RED  SANDSTONE  OF  CAITHNESS  AND 

ITS  FOSSILS. 
By    Mr.    G.    Edward. 


A  glance  at  a  geological  map  shows  that  the  Old  Bed  Sand- 
stone rocks  of  Europe  have  by  far  their  largest  development 
in  the  British  Isles,  and  that  the  greatest  deposit  is  in 
Caithness — ^which  is  the  most  northerly  county  in  Scotland. 
Hugh  Miller,  the  great  high  priest  of  the  Old  Red  Sandstone 
system,  who  was  to  the  Old  Red  what  Sir  Roderick  Murchison 
was  to  the  Silurian,  thought  that  the  most  of  Scotland  had 
at  one  time  been  covered  with  Old  Red  Sandstone,  and  he 
imagined  that  all  over  Scotland  he  could  find  proo&  of  his 
theory. 

Time  has  brought  changes,  and  it  is  now  generally  believed 
that  the  Old  Red  Sandstone  was  formed  in  separate  lakes  or 
inland  seas,  and  Professor  Geikie,  who  is  an  authority  ou  the 
subject  says : — "  The  Old  Red"  of  this  country  was  deposited 
in  five  detached  basins.  The  most  southerly  he  calls  "  The 
Welsh  Ldke^^  extending  from  Shropshire  into  South  Wales. 

The  largest  and  most  northerly  he  calls  **  Lake  Orcndkl' 
it  lies  in  the  north  side  of  the  highlands  of  Scotland,  skirts 
the  slopes  of  the  mountains  along  the  Moray  Firth  and  the 
east  of  Ross  and  Sutherland,  stretches  through  Caithness 
and  the  Orkney  Islands,  and  at  one  time,  he  says,  may  have 
continued  to  Norway  and  Russia." 

"The  Old  Red  Sandstone  of  the  northern  basin,  says 
Geikie,  is  typically  developed  in  Caithness,  where  it  consists 
chiefly  of  the  well-known  dark  bituminous  and  calcareous 
flagstones  of  commerce.  It  rests  unconformably  on  schists, 
granites,  &c.  Zones  of  red  and  conglomerate  sandstones 
graduate  upwards  into  the  flagstones.  The  total  depth  of  the 
series  in  Caithness,  he  estimates  at  upwards  of  16,000  feet*' 
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Such  is  Professor  Geikie's  description  of  the  Old  Red 
Sandstone  deposit  in  Caithness. 

For  over  thirty  years  I  have  been  more  or  less  in  touch 
with  the  fossil  beds  of  what  Professor  Geikie  calls  "  The 
Lake  Orcadie  Old  Red  Sandstone  deposit.''  I  got  my  first 
lesson  at  the  fossil  fish  beds  of  Gamerie. 

Hugh  Miller  was  visiting  friends  of  his  in  Aberdeenshire, 
that  occupied  the  next  farm  to  my  father's,  and  being  at 
home  on  holiday,  and  hearing  that  Hugh  Miller  was  going 
to  the  fossils  at  Gamerie,  I  became  a  hammer-in-hand  com- 
panion, and  shall  never  forget  the  thrill  that  went  through 
me  when  I  laid  open  my  first  fossil  fish. 

Since  then  I  have  spent  many  a  happy  day  hammering 
among  the  northern  fossil  beds ;  but  for  years  Caithness  has 
been  my  favourite  hunting  ground,  and  the  fossils  before 
you  to-night  are  trophies  from  that  field. 

My  first  day  among  the  Caithness  fossils  is  as  fresh  in  my 
memory  as  if  it  had  been  yesterday.  Business  took  me 
north,  and  having  read  Hugh  Miller's  graphic  description 
of  the  Caithness  fossil  beds,  I  was  looking  forward  to  a  feast 
among  the  fossil  fishes. 

Travelling  northward  by  rail  I  was  struck  with  the  great 
contrast  between  the  scenery  of  Caithness  and  the  neigh- 
bouring county  of  Sutherland.  The  scenery  in  Sutherland 
is  bold,  and  the  hills  are  steep,  wild,  and  rugged.  Caithness 
is  bare,  barren,  flat,  and  treeless.  Although  the  inland 
country  of  Caithness  is  flat  and  iminteresting,  the  sea  coast 
is  the  reverse.  Great  wild  precipitous  cliffs  rise  hundreds  of 
feet  above  the  sea  and,  where  faults  occur  in  the  strata,  the 
waves  of  the  ocean  have  scooped  out  black,  deep  gorges  and 
wild  weird-like  caves  through  which  the  sea  hisses,  thunders, 
and  moans  like  the  wail  of  unjust  spirits. 

Holbom  Head  was  my  destination,  and  the  tools  I  had 
brought  with  me  consisted  of  a  small  pocket  hammer,  a 
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heayy  single  handed  hammer,  some  chiaeLs,  and  an  di. 
spade. 

Some  of  you  may  langh  at  the  old  spade,  but  if  yoa  go 
among  the  Old  Bed  fossils  at  Caithness  you  will  soon  find  out 
the  value  of  an  old  spade.  After  half-an-honr's  walk  I 
left  the  highway  and,  following  a  footpath  along  the  green 
flowery  braes,  came  to  what  is  known  as  the  "  DeUs  Brig!* 
which  is  a  great  rent  in  the  sandstone  rock,  over  whick 
there  is  a  natural  bridge. 

Standing  on  the  bridge  and  peering  down  you  can  seethe 
green  depths  below,  and  hear  the  boom  of  the  waves  in  the 
subterranean  caves.  One  of  these  caves  is  said  to  be  three 
miles  long,  and  during  storms  the  spray  may  be  seen 
ascending  from  an  opening  far  inland — ^like  the  smoke  from 
a  factory  chimney. 

The  small  slab  marked  (Co)  with  plant-like  dendritic 
markings  is  from  the  ''  Deils  Brig,'*  An  hour's  walk  along 
the  braes  and  over  the  cliffs  brought  me  to  what  is  known  as 
"  The  Clefty*  which  is  a  great  detached  mass  of  grey  flag- 
stone that  rises  perpendicular  out  of  the  sea,  but  within 
gun  shot  of  the  land.  Myriads  of  sea-birds  hover  round 
and  sit  on  the  ledges  of  the  rock,  which  is  inaccessible  to 
man. 

Near  "  The  Cleft "  I  commenced  tirring  and  breaking  up 
the  shales,  and  soon  found  a  pretty  complete  fish,  but  as  the 
rocks  were  very  rotten  and  the  scales  of  the  fish  rather 
indistinct  I  gave  it  up,  and,  shouldering  the  tools,  marched  on. 
Arriving  at  Holbom  Head  I  found  the  cliffs  a  hundred- 
and  fifty  to  two  hundred  feet  high,  and  although  the  day 
had  been  bright  and  warm,  the  wind  off  the  Atlantic  was 
bitterly  cold.  After  half-an-hour's  prospecting  I  commenced 
operations  close  on  the  edge  of  the  cliffs  on  a  light  grey  thin 
laminated  schist,  and  was  soon  rewarded  by  finding  fossil 
fish  by  the  dozen.     By  inserting  chisels  at  different  points, 
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and  using  the  old  spade  as  a  lever,  I  could  lift  slabs  several 
feet  square. 

Between  the  laminations  there  was  a  kind  of  sweaty 
dampness  and,  after  exposure  to  the  atmosphere,  this  damp 
seemed  to  affect  the  stone  and  the  fishes,  which  were  fairly 
elear  and  bright  when  first  exposed,  but  soon  became  dim  and 
indiBtinot.  After  quarrying  and  hammering  for  some  time 
I  gave  up  the  find,  as  the  fishes  were  not  worth  carrying 
liome.  Within  a  radius  of  half-a-mile  I  found  a  great 
variety  of  fossil  beds.  As  a  rule,  the  fossils  are  best 
preserved  in  the  thicker  and  harder  schists ;  but,  of  course^ 
the  thinner  and  softer  beds  are  easiest  got  at. 

Quarrying  fossils  on  the  bare  rocks  at  Holbom  Head 
10  no  child's  play,  and  I  soon  found  that  enthusiastic 
geologising  had  to  be  paid  for  in  blistered  and  bleeding  hands. 

All  alone,  with  no  human  being  or  habitation  in  sight,  I 
sat  in  solitude  on  the  bleak  barren  rock. 

No  sound  broke  the  silence  save  the  wail  of  the  sea-bird 
and  the  moan  of  the  ocean.  There  I  sat  thinking,  thinking 
of  the  myriads  of  ages  that  had  passed  since  the  conglom- 
erate of  the  Old  Bed  Sandstone  had  its  pebbles  rounded  in  a 
wild,  tempestous  sea ;  thinking  on  the  time  when  the  rocks 
on  which  I  sat  were  the  soft  muddy  bottom  of  a  primeval 
lake,  and  the  fishes  I  had  been  disinterring  had  gamboled  in 
its  waters ;  thinking  of  the  immense  time  it  must  have  taken 
to  bidld  up  this  deposit,  layer  upon  layer,  until  it  became 
what  it  is ;  thinking  of  the  mysteries  of  life  and  death  of 
the  generation  after  generation  of  these  curiously-formed 
fishes  that  were  part  of  that  creation  of  which  we  ourselves 
are  a  part,  and  that  had  lived,  and  died,  and  were  buried  in 
these  rocks. 

Little  more  need  be  said  about  my  first  day  among  the 
CSaithness  fossils,  except  that  every  day  has  not  yielded  the 
same  results. 
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The  discoveries  made  by  Hugh  Miller  and  others  reveal 
the  fact  that  no  section  of  the  earth's  crust  is  more  clearly 
marked  with  a  distinct  individuality. 

Its  fossils  are  so  unlike,  what  went  before  and  what  came 
after,  that  we  may  say  of  the  Old  Bed  that  it  is  a  distinct 
creation,  and  these  fossils  prove  that  it  was  a  creation  of  t 
higher  type  of  animals  and  plants  than  what  went  before, 
and  so  it  has  been  from  the  earliest  dawn  of  plant  and 
animal  life  till  now. 

The  march  has  been  an  unbroken,  progressive,  onward  and 
upward  march. 

These  fossil  plants  are  the  harbingers  of  the  greet 
carboniferous  flora,  and  the  fishes  are  the  beginning  of  thet 
vertebrate  life  that  culminated  in  man. 


A  cordial  vote  of  thanks  having  been  passed  to  Mr. 
Edward  for  his  paper,  Mr.  H.  M.  Ormerod  moved,  and  Mr. 
Mark    Stirrup   seconded  a    vote  of  thanks  to  Principal 
Greenwood  and  the  Council  of  Owens  College,  for  the  hoe* 
pitable  reception  they  had  extended  to  the  members,  and  for 
the  privilege  of  meeting  in  the  New  Museum. 

Principal  Greenwood,  in  responding,  said  :  Mr.  President 
and  gentlemen :  In  the  name  of  the  Council  of  Owens 
College  I  thank  you  very  sincerely  indeed  for  the  cordial 
way  in  which  you  have  accepted  the  resolution  moved  by 
my  friend  Mr.  Ormerod,  and  seconded  by  my  old  pupil  and 
friend  Mr.  Stirrup.  I  can  assure  you  that  the  Council  is 
never  more  sensible  that  it  is  performing  the  duty — I  may 
say  the  gratifying  task — ^which  belongs  to  it  than  when  it  is 
furnishing  societies  like  this  with  the  means  of  holding 
their  periodical  meetings.  We  have,  I  trust,  no  narrow 
notion  of  the  functions  that  belong  to  us  as  an  academic 
body.  It  is  quite  true  teaching  is  our  primary  object,  but 
we  are  well  aware  that  all  academic  bodies  that  are  at  all 
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For  a  long  time  I  was  puzzled  to  know  how  some  speci- 
mens were  so  perfect  in  some  parts  and  other  parts  veiy 
imperfect  or  missing  altogether.  The  explanation  was  that 
the  Old  Ked  fishes  were  part  osseous  and  part  cartilaginous, 
and  the  osseous  part  was  preserved  and  the  cartilaginous 
part  decayed.  The  same  as  when  a  shark  rots,  all  its  cartila- 
ginous framework  decays,  and  nothing  remains  but  its 
enamelled  teeth. 

(Mr.  Edtoard  here  described  some  of  the  representative  fisheSy 
such  as  the  Pterichthf/s,  Coccosteus,  Cephalaspis,  Osteolepis, 
HolaptychitiSy  Olyptolepis,  and  others,  of  which  fine  specimens 
were  exhibited,) 

I  have  often  wondered  why  the  Old  Red  fishes  were  clad  in 
strong  coats  of  mail  as  the  bulk  of  them  are.  As  yet  I  have 
been  imable  to  get  a  satisfactory  reply  to  the  question,  but 
the  Umit  of  research  has  not  yet  been  reached,  and  someday 
those  who  in  imperfect  light  are  groping  for  evidence  may 
be  able  to  solve  the  mystery. 

Those  of  you  who  are  collectors  know  ^how  interesting 
8ome  of  your  specimens  become  to  you.  They  are  almost 
like  old  friends,  and  their  features  are  as  familiar. 

Nearly  every  separate  fossil  in  this  collection  has  a  story 
of  its  own  to  me.  A  story  that  no  one  but  myself  could 
telL  I  mean  the  story  of  where  I  got  it,  how  I  got  it,  and 
all  its  surroundings.  Mine  was  the  first  human  eye  that 
ever  looked  on  many  of  them.  You  will'not  wonder,  then, 
when  I  tell  you  that  my  great  difficulty  to-night  has  been, 
not  want  of  something  to  say,  but  how  to  squeeze  what  I  had 
to  say  into  the  time  at  my  disposal. 

In  the  presence  of  these  fossils  we  can  hardly  realize  that 
not  many  years  ago  writers  on  geology  treated  the  Old  Bed 
formation  as  if  it  were  of  little  interest,  being,  as  they  said, 
non-fossiliferous. 
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The  discoveries  made  by  Hugh  Miller  and  others  rereal 
the  fact  that  no  section  of  the  earth's  crust  is  more  deaily 
marked  with  a  distinct  individuality. 

Its  fossils  are  so  unlike,  what  went  before  and  what  cams 
after,  that  we  may  say  of  the  Old  Bed  that  it  is  a  distiiiol 
creation,  and  these  fossils  prove  that  it  was  a  creation  of  a 
higher  type  of  animals  and  plants  than  what  weout  before^ 
and  so  it  has  been  from  the  earliest  dawn  of  plant  and 
animal  life  till  now. 

The  march  has  been  an  unbroken,  progressive,  onward  and 
upward  march. 

These  fossil  plants  are  the  harbingers  of  the  great 
carboniferous  flora,  and  the  fishes  are  the  beginning  of  that 
vertebrate  life  that  culminated  in  man. 


A  cordial  vote  of  thanks  having  been  passed  to  Mr. 
Edward  for  his  paper,  Mr.  H.  M.  Ormerod  moved,  and  Mr. 
Mark  Stirrup  seconded  a  vote  of  thanks  to  Principal 
Greenwood  and  the  Council  of  Owens  College,  for  the  hoe- 
pitable  reception  they  had  extended  to  the  members,  and  for 
the  privilege  of  meeting  in  the  New  Museum. 

Principal  Greenwood,  in  responding,  said  :  Mr.  President 
and  gentlemen :  In  the  name  of  the  Council  of  OweiiB 
College  I  thank  you  very  sincerely  indeed  for  the  cordial 
way  in  which  you  have  accepted  the  resolution  moved  by 
my  friend  Mr.  Ormerod,  and  seconded  by  my  old  pupil  and 
friend  Mr.  Stirrup.  I  can  assure  you  that  the  Council  is 
never  more  sensible  that  it  is  performing  the  duty — I  may 
say  the  gratifying  task — ^which  belongs  to  it  than  when  it  is 
furnishing  societies  like  this  with  the  means  of  holding 
their  periodical  meetings.  We  have,  I  trust,  no  narrow 
notion  of  the  functions  that  belong  to  us  as  an  academic 
body.  It  is  quite  true  teaching  is  our  primary  object,  but 
we  are  well  aware  that  all  academic  bodies  that  are  at  all 


381 

equal  to  their  ideal  do  something  more  than  that — ^that,  to 
gather  around  them  learned  societies  to  promote  research, 
not  on  the  part  of  young  men  only,  but  of  men  advancing 
in  life,  is  almost  as  important  a  part  of  their  work  as  that 
of  directly  teaching  those  who  are  in  the  stage  of  pupildom. 
We  therefore  feel  that  we  are  answering  this  true  ideal  of 
the  college  when  we  furnish  societies  like  yours  with 
facilities  for  carrying  out  their  task.  I  further  would  say 
that  we  are  under  a  great  debt  to  the  Manchester  Geological 
Society  and  the  late  Natural  History  Society  for  making  us 
Hie  custodians  of  the  large  and  valuable  collections  which  now 
form  the  Manchester  Museum.  It  is  not  only  that  you  have 
done  us  a  great  service  in  placing  these  collections  within 
our  walls,  but  Professor  Williamson  and  Professor  Dawkins 
will  agree  with  me  when  I  say  that  we  are  grateful  to  you 
for  the  real  stimulus  which  you  applied  to  our  scientific 
faculties  by  making  to  us  these  splendid  gifts.    (Hear,  hear.) 


ON  THE  FOSSIL  TREES  OF  THE  COAL  MEASURES. 
By  Professor  W.  C.  Williamson,  F.R.S. 


The  meeting  then  adjourned  to  the  Geological  Museum, 
where  some  fine  examples  were  to  be  seen  of  the  large  forest 
trees  of  the  Carboniferous  period,  which  have  been  recently 
set  up.  Attention  was  called  to  the  great  Stigmarian  root, 
which  Professor  Williamson  said  was  unique  in  its  grandeur. 
He  had  no  hesitation  in  saying  that  it  was  the  largest 
foBsil  in  any  musexmi  in  the  world. 

Professor  Williamson,  addressing  the  members  who 
were  assembled  round  this  noble  specimen,  said : — Eighty  or 
ninety  years  ago  geologists  were  familiar  with  little  frag- 
ments of  fossils  that  they  found  in  the  sandstone  and  other 
beds  of  the  coal  measures  which  went  under  various  names. 
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In  1828  M.  Brongniart,  the  great  Fiencli  botaniBt^  gaTe  to 
these  specimens  the  name  of  Stigmaria,  from  the  numerooi 
stigmata  that  I  have  just  referred  to  ;  but  the  question  wia, 
what  were  these  StigmariseP  About  the  year  1830 
some  specimens  were  found — nothing  approaching  to  thii 
which  ia  now  before  you — ^bat  showing  what  constituted  the 
material  features  of  this  plant,  namely,  a  number  of  radiat- 
ing arms  spreading  from  a  dome-shaped  centre.  If  yon 
turn  to  the  first  volume  of  the  Fossil  Flora  of  Gbeat 
Britain,  conducted  by  Hutton  and  Lindley,  you  will  discofor 
a  diagram  representing  their  idea  of  this  fossiL  They 
thought  that  it  was  a  huge  floating  plant,  with  numerou 
branches  radiating  from  a  central  dome,  but  as  to  what  this 
plant  was  they  were  all  at  sea.  It  was  only  when  the  Bolt<A 
railway  was  constructed  by  Sir  John  Hawkshaw,  that  the 
two  trees  of  which  you  have  casts  on  the  other  side  of  the 
room  were  found.  At  that  time  my  two  oldest  friends,  the 
late  Mr.  Binney  and  the  late  Mr.  John  Eddowes  Bowman, 
came  to  the  conclusion  that  these  StigmarisD  were  nothing 
more  nor  loss  than  the  roots  of  a  gigantic  tree.  They  hit, 
in  this,  upon  the  truth.  At  a  very  early  period  of  my 
own  investigations  I  thoroughly  made  up  my  mind  that  Mr. 
Bowman  and  Mr.  Binney  were  right — that  this  was  a  root- 
not  only  so,  but  that  they  were  right  very  much  beyond 
what  either  of  them  anticipated.  We  have  in  our  coal 
measures  certain  stems  which  are  called  Lepidodendra — ^that 
is  the  stems  of  a  gigantic  race  of  plants  allied  to  the  club- 
mosses,  known  to  every  botanist.  Now  Mr.  Binney  and 
Mr.  Bowman  said  that  the  Stigmarico  were  the  roots  of  the 
Sigillaria,  but  neither  of  them  knew  that  they  were  also  the 
roots  of  the  Lepidodendron.  Mr.  Binney,  shrewd  as  he  was, 
assigned  a  very  diflFerent  object  to  represent  the  root  of  the 
Lepidodendron  from  what  we  now  know  to  be  the  case.  We 
now  know  that  Sigillaria  and  Lepidodendron  are  both  alike 
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tion  at  Liverpool  the  idea  was  scouted  by  all  the  botanists 
present — ^namely,    that    these    Carboniferous    cryptogamic 
plants  grew  by  exogenous  development,  layer  after  layer 
thickening  their  stems,  exactly  as  an  oak  or  an  elm  tree 
grows.     Was  there  anything  so  outrageous  as  for  a  man 
knowing   anything   of   botany,   to    state  that  these   great 
cryptogams  grew  exogenously  ?  My  old  friend  Brongniart — 
the  highest  authority,  then  living,  on   these  things — ^had 
ventured  to  say  that  if  there  was  exogenous  growth  in  a 
stem,  that  stem  could  not  possibly  be  that  of  a  cryptogam. 
It  was  not  known  that  any  living  cryptogam  had  such  a 
growth ;  therefore  they  did  not  believe  that  any  fossil  one  could 
have  it.     Now  what  is  the  truth  ?  It  turns  out  that  there  is 
scarcely  a  plant  of  any  kind  that  lived  at  the  time   of  the 
coal  measures  which  had  not  this  exogenous  growth.  Ne<brly 
all  grew  exogenously  in  those  days.     The  great  trees  that 
grow  exogenously  now,  the  oaks  and  the  elms,  did  not  exist. 
I  did  for  a  long  time  think  that  there  was  an  exception  in 
the  case  of  the  ferns ;  but  within  the  last  few  months  I  have 
got  some  magnificent  stems  which  show — and  my  friend,  the 
Count  de  Solms,  has  arrived  at  the  same  conclusion — ^that 
certain  plants  in  which  we  have  got  exogenous  growth  are 
ferns ;  and  if  that  be  so  we  have  to  admit  that  nearly  all 
the  plants   which   grew    in    the   Carboniferous   age   grew 
exogenously.     This,  then,  gentlemen,  is  to  be  received  as 
the  explanation  of  the  absence  of  rootlets  from  these  thick 
roots.     They  have  grown  exogenously,  and,  as  they  did  so, 
the  superficial  part  of  the  bark,  with  its  attached  rootlets 
has  been  cast  off.     I  have  in  my  microscopical  cabinet  one 
of  these  roots  with  its  little  rootlets  given  off  all  round  it, 
and  each  rootlet,  with  its  wood  and  bark  included,  is  onlv 
three-sixteenths  of  an  inch  in  diameter.     This  is  another 
of  those  things  that  has    had  to  be   taught  to  some  of 
our  French  friends.      They   believed  that  all  these  roots 
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terminated    in    a     thick    boss,    like     a     pumpkin;    tkej 
could  not  be  got  to  believe  that  these  things  were  merelj 
ordinary  roots,  thick  near  the  stem,  but  that  they  tapered 
away  like  all  other  roots ;  but  here  we  have  a  true  Stigmarian 
root  less  than  a  quarter  of  an  inch  in  diameter  furnished,  as 
I   have   said,  with  its   own   rootlets.      Now   the  questicm 
naturally  arises — ^how  does  this  large  specimen  happen  to 
have  been  preserved  so  splendidly?     As  to  this  I  (hink 
there  can  be  no  doubt  whatever.     The  probability  is  that 
these  trees  grew  in   swampy  ground,  just  as  the  swamp 
cypress  grows  in  America  at  the  present  day.     I  say  that 
because,  though  we   find  associated  with  them  in  the  coal 
measures  stems  like  the  stems  of  pines,  we  never  find,  or 
very  rarely  find  them  in  the  same  layer  of  rock  in  which  we 
find  these  Stigmarian  plants.  We  generally  find  them  separated, 
under  conditions  which  show  that  the  Gymnosperms  had 
grown  higher  upon  the  mountains,  and  in  drier  situations. 
What  happened  then  ?   This  tree  was  certainly  100  feet  high 
at  the  very  least.    The  stem,  after  the  tree  ceased  to  live,  de- 
cayed downwards  until  the  decay  reached  the  point  which  you 
see  here ;  but  that  point  being  high  and  dry  above  water,  the 
decay  did  not  go  any  further.     Why  ?     I  presume  because 
it  was  covered  over  by  mud,  and  thus  protected  from  the 
action  of  the   air ;  and  the  woody   structure   of   the  root 
remained  longer  and  better  protected  than  any  where  else. 
Well,  the  next  step  was  this ;  though  decay  could  be  resisted 
for  a  time  it  could  not  be  resisted  for  ever.     Little  by  little, 
for  anything  I  know  hundreds,  and  even  thousands  of  years 
may  have  elapsed  after  the  stem  disappeared  before  the 
woody  tissue  of  the  root  decayed  ;  but  ultimately  it  became 
decayed  carbonaceous  matter.     In  the  meantime  the  bed  of 
earth  in  which  this  tree  grew  had  become  hardened ;  layers 
of  sand  had  overlain  the  shaly  matter  in  which  the  root* 
were  embedded,  and  ultimately  the  sand  covered  the  whole 
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tion  at  Liverpool  the  idea  was  scouted  by  all  the  botanists 
present — ^namely,    that    these    Carboniferous    cryptogamic 
plants  grew  by  exogenous  development,  layer  after  layer 
thickening  their  stems,  exactly  as  an  oak  or  an  elm  tree 
grows.     Was  there  anything  so  outrageous  as  for  a  man 
knowing   anything   of   botany,   to    state  that  these   great 
ciyptogams  grew  exogenously  ?  My  old  friend  Brongniart — 
the  highest  authority,  then  living,  on   these  things — ^had 
ventured  to  say  that  if  there  was  exogenous  growth  in  a 
stem,  that  stem  could  not  possibly  be  that  of  a  cryptogam. 
It  was  not  known  that  any  living  cryptogam  had  such  a 
growth ;  therefore  they  did  not  believe  that  any  fossil  one  could 
have  it.     Now  what  is  the  truth  ?  It  turns  out  that  there  is 
scarcely  a  plant  of  any  kind  that  lived  at  the  time   of  the 
coal  measures  which  had  not  this  exogenous  growth.  Ne<brly 
all  grew  exogenously  in  those  days.     The  great  trees  that 
grow  exogenously  now,  the  oaks  and  the  ebns,  did  not  exist. 
I  did  for  a  long  time  think  that  there  was  an  exception  in 
the  case  of  the  ferns ;  but  within  the  last  few  months  I  have 
got  some  magnificent  stems  which  show — and  my  friend,  the 
Count  de  Sobns,  has  arrived  at  the  same  conclusion — that 
certain  plants  in  which  we  have  got  exogenous  growth  are 
ferns ;  and  if  that  be  so  we  have  to  admit  that  nearly  all 
the  plants   which   grew    in    the   Carboniferous   age   grew 
exogenously.     This,  then,  gentlemen,  is  to  be  received  as 
the  explanation  of  the  absence  of  rootlets  from  these  thick 
roots.     They  have  grown  exogenously,  and,  as  they  did  so, 
the  superficial  part  of  the  bark,  with  its  attached  rootlets 
has  been  cast  off.     I  have  in  my  microscopical  cabinet  one 
of  these  roots  with  its  little  rootlets  given  off  all  round  it, 
and  each  rootlet,  with  its  wood  and  bark  included,  is  only 
three-sixteenths  of  an  inch  in  diameter.     This  is  another 
of   those  things  that  has    had  to  be   taught  to  some  of 
our  French  friends.      They  believed  that  all  these  roots 
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terminated    in    a     thick    boss,    like     a     pumpkin;    thej 
could  not  be  got  to  believe  that  these  things  were  mer^ 
ordinary  roots,  thick  near  the  stem,  but  that  they  tapered 
away  like  all  other  roots ;  but  here  we  have  a  true  Stigmarian 
root  less  than  a  quarter  of  an  inch  in  diameter  furnished,  as 
I   have   said,  with  its  own   rootlets.      Now   the   questkm 
naturally  arises — ^how  does  this  large  specimen  happen  to 
have  been  preserved  so  splendidly?    As  to  this  I  think 
there  can  be  no  doubt  whatever.     The  probability  is  that 
these  trees  grew  in   swampy  ground,  just   as  the  swamp 
cypress  grows  in  America  at  the  present  day.     I  say  tbat 
because,  though  we   find  associated  with  them  in  the  coal 
measures  stems  like  the  stems  of  pines,  we  never  find,  or 
very  rarely  find  them  in  the  same  layer  of  rock  in  which  we 
find  these  Stigmarian  plants.  We  generally  find  them  separated, 
under  conditions  which  show  that  the  Gymnosperms  had 
grown  higher  upon  the  mountains,  and  in  drier  situations. 
What  happened  then  ?   This  tree  was  certainly  100  feet  high 
at  the  very  least.    The  stem,  after  the  tree  ceased  to  live,  de- 
cayed downwards  until  the  decay  reached  the  point  which  you 
see  here ;  but  that  point  being  high  and  dry  above  water,  the 
decay  did  not  go  any  further.     Why  ?     I  presume  because 
it  was  covered  over  by  mud,  and  thus  protected   from  the 
action   of  the  air ;  and  the  woody   structure   of   the  root 
remained  longer  and  better  protected  than  any  where  else. 
Well,  the  next  step  was  this ;  though  decay  could  be  resisted 
for  a  time  it  could  not  be  resisted  for  ever.     Little  by  little, 
for  anything  I  know  hundreds,  and  even  thousands  of  years 
may  have  elapsed  after  the  stem  disappeared  before  the 
woody  tissue  of  the  root  decayed ;  but  ultimately  it  became 
decayed  carbonaceous  matter.     In  the  meantime  the  bed  of 
earth  in  which  this  tree  grew  had  become  hardened ;  layers 
of  sand  had  overlain  the  shaly  matter  in  which  the  roots 
were  embedded,  and  ultimately  the  sand  covered  the  whole 
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found  in  a  quarry  in  the  very  middleof  one  of  those thicksand- 
stone  beds  which  were  found  in  the  Lower  Goal  Measures) 
or  Gannister  series  of  Lancashire  and  Yorkshire,  with  which 
many  of  the  gentlemen  present  were  familiar,  the  sandstone 
being  apparently  identical  with  the  UphoUand  flagstones. 

In  reference  to  further  questions  Professor  Williamson 
said : — The  study  of  these  plants  has  entered  on  a 
new  phase.  We  now  find  that  a  yery  important 
investigation  has  to  be  carried  out,  namely, — the  stad^ 
of  the  different  plants  that  are  characteristic  of  different 
horizons  in  the  coal  measures,  and  we  want  all  the  aid  that 
gentlemen  engaged  in  the  ooal  mining  can  possibly  give  mb, 
by  collecting  every  fragment  of  a  fossil  that  can  be  found, 
and  carefully  noting  from  which  layer  of  coal  it  was  obtained. 
We  ask  you  to  be  good  enough  to  bring  or  send  them  here. 
Let  them,  by  all  means,  be  accurately  labelled,  as  regards 
the  actual  coal  from  which  they  came.  We  have  now  to 
study  the  change  that  took  place  between  the  deposition  of 
the  rocks  of  the  mountain  limestone,  of  Derbyshire  and 
elsewhere,  and  the  deposition  of  the  coal  of  the  Worsley 
mines.  With  this  task  before  us  no  fragment  need  be  con- 
sidered too  insignificant  to  send  us.  We  are  extremely 
anxious — and  Professor  Dawkins  has  the  same  feeling  as 
myself — to  ascertain  carefully  and  accurately  what  the 
fossils  are  that  characterise  each  of  the  layers  of  coal,  in 
all  parts  of  the  world ;  and  in  any  work  that  you  undertake, 
to  help  us  in  that  investigation,  you  will  be  affording  a  very 
important  aid  to  the  study  of  the  Coal  Measure  flora. 
(Hear,  hear.) 

This  concluded  tJie  business  of  the  meeting. 


Note. — The  monograph  on  Stigmaria  ficoides,  published  by  the  lectui^r  in  the 
Palaeontographiciil  Society's  Volume  for  1886,  contains  an  elaborate  history 
of  both  the  internal  organisation  and  external  relations  of  these  roots,  as  well 
as  a  photograph  of  the  subject  of  the  lecture  before  its  removal  from  tiie 
Clayton  quarry. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 


Pabt  XVI.  Vol.  XIX.  Session  1887-8. 

The  Ordinary  Meeting  of  the  Members  was  held 
on  Tuesday,  February  7th,  1888,  at  the  Rooms  of  the 
Manchester  Literary  and  Philosophical  Society,  George 
Street. 

The  President,   Mr.   Joseph  Dickinson,   F.G.S., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  unani- 
mously  elected  Ordinary  Members  of  the  Society,  viz. : — 
William  Wood,  Engineer,  6,  Broome  Avenue,  Levens- 

hulme. 
Oeorge  Edward  Scarborough,  Colliery  Manager,  New 
Town  and  Meadows  Collieries,  Wigan. 


The  following  are  the  recent  additions  to  the  Library : — 

Belfast  Natural  History  and  Philosophical  Society :  Report  and  Pro- 
ceedings, 1886-7.— -From  the  Society. 

Ghesterfield  and  Midland  Oounties  Institute  of  Engineers :  Transactions, 
Parts  2  and  8,  Vol.  XVI.— From  the  Inttitute. 

Dublin — Royal  (Geological  Society  of  Ireland:  Journal,  Part  2,  Vol. 
XVIII.  and  Vol.  VIH.,  N.8. 

Essex  Naturalist :  No.  12.— ^rom  Eteex  Field  Club. 
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London — Boyal  Society:    Prooeedings,  No«.  259-200,  Vol.  XLIIL— 
From  the  Society, 

Boyal  Institution  of  G^reat  Britain  :  Proceedings,  Part  1,  YoL 

Xn. — From  the  InttihUum, 

The  Geological  Beoord  :  \%19,^Fwrehtued, 

PalsBontographical  Society  :  Vol.  XU.,  for  1887. — PitrchMeeL 

Institute  of  Mechanical  Engineers :  Proceedings,  Nos.  3  and  4, 

1887.      Library    Catalogue,    Subject    Index    of    Pftpen, 
1847-87.— ^om  the  Imlitute, 

Iron  and  Steel  Institute:    Journal,  No.  2,  1887. — Frem  tk 

Inatitute. 

■  Geological  Magazine  :  Nos.  1  and  2,  YoL  V. — PurehMted. 
Midland  Institute  of  Mining  Engineers :   Transactions,   Part  92,  Vol 
XI. — Rrom  the  Institute, 

Mining  Institute  of  Scotland :  Transactions,  Parts  6-7,  Vol.  IX^—Frm 

the  Institute. 
Newcastle-upon-Tjme — North  of  England  Institute  of  Mining Enginesn: 

Part  1,  Vol.  XXXVTI.— Jlrom  the  Institute, 
North  Staffordshire  Naturalists*  Field  Club:  Annual  Beport  and  Trans- 

actions,  1887. — From  the  Club. 
Boyal  Institution  of  Cornwall :   Journal,  Part  2,  Vol.  EX. — From  thi 

Institution. 
Salford  Boyal  Museum,  Libraries,  &c. :  Annual  Beport. 
Canada — The  Canadian  Mining  Beview  :   No.  10,  Vol.  V. 
U.S.  A.,  Cambridge — Harvard  College,  Museum  of  Comparative  Zoology : 
Curator's  Beport,  1886-7. — F^om  A.  Apassiz. 

Philadelphia — Franklin    Institute:    Journal,   No.    744,   Vol 

CXXIV. ;   No.  746,  Vol.  CXXV.—From  the  Institutt. 

Shenandoah — The  CoUiery  Engineer :  Nos.  4-6,  Vol.  VIII. 

Australia — Boyal  Society  of  New  South  Wales :  Journal  and  Proceed- 
ings, Vol.  XX.,  1886. — From  the  Society. 
—^  Department  of  Mines,   New  South   Wales  :    Annual  Keport, 

1886. — From  the  Government. 

Department  of  Mining  Geological  Survey:  1887.     Geology  <rf 

Vegetable  Creek  Tin  Mining  Field. 
Victoria — Annual  Beport  of  Secretary  for  Mines  and  Water  Supply- 

Gold  Fields  of  Victoria  :  Beport,  30th  September,  1887. 

jMineral  Statistics  of  Victoria,  1886. 

Natural   History    of    Victoria:    Prodromus  of    the  Zoology: 

Decades,    1-16. — From    F^ed   McCoy ^    F.R.S ,    Director  rf 

Victoria  Museumy  Melbor^rnc. 
New  Zealand — Beports  of  Mining  Industries,  1887. 
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Buenos  Ayres — Report  of  Commerce,  Argentine  Republic:    No.   66, 

1887. — Fram  the  Oovemment, 
Halle  a/8 — Vereina  fiir  Erdkunde,  1887. — From  the  Society, 
Paris — Revue  de  la  Legislation  des  Mines,  September-October,  November- 
December,  1887. — Purchased. 
Pisa — ^Atti  della  Societa  Toscana  di  Scienze  Naturali :  Vol.  VI. — From 

the  Society. 
Rome — Atti  della  Reale  Aocademia  dei  Lincei:    Fasc.  6,  7,  8,  Vol. 

III. — From  the  Academy. 
St.  Petersburg— M^moires  du  Comit6  Ocolog^que :  Nos.  4-6,  Vol.  II.  ; 

No.  3,  Vol.  III.     Bulletin  :  Nos.  8,  9,  10,  Vol.  VI. ; 
Supplement :  Vol.  VI. — From  the  Institute  of  Mines. 

Acad^mie  Imp^riale  des  Sciences :  Memoires,  Nos.  2-7,  Tome 

XXXV. ;  Bulletin,  No.  4,  Tome  XXXI^fVcwi  the 
Acaelemy, 
Natural  History  of  New  York :    Palseontology,  by  Jas.  Hall :    Vols. 

I.-V.,  in  seven  Vols.,  Text  and  Plates. — Purchased, 
Organisation  of  the  Fossil  Plants  of  the  Coa  1  Measures :    Part  XIV., 
by  W.  C.  Williamson. — Presented  by  the  Author. 

ThefoUowiny  books  were  presented  by  W.  Whittakery  F.Q.S.  : — 

Memoires  de  la  Societe  G6ologique  du  Nord :  No.  3,  Vol.  I.,  1882. 
Sanitary  Institute  of  Great  Britain  :  Address  to  Section  III.,  1886. 
Chester  Society  of  Natural  Science  :  Fifth  Annual  Report,  1876-6. 
Miners*  Association  of  Cornwall:  Report  and  Proceedings,  1871, 

1872-3,  and  1874-6. 
G^logical  Survey  of  Alabama  :  Report  for  1879-80. 
Annual  Report  Califomian  State  Mineralogist,  1884. 


Mr.  Stirrup,  Hon.  Secretary,  reported  that  he  had 
received  a  circular  from  the  Geological  Society  of  Australasia 
with  reference  to  a  conference  of  Australian  Geologists,  to 
lie  held  in  Melbourne  during  the  opening  of  the  Centennial 
International  Exhibition  in  the  month  of  September  of  the 
present  year,  asking  for  the  co-operation  of  English 
Geologists  and  the  contribution  of  papers  on  various 
subjects,  a  list  of  which  is  given  in  the  circular.  He  would 
be  glad  to  forward  the  names  of  any  members  of  the  Society 
willing  to  contribute  such  papers. 
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Mr.  Stirrap  also  mentioned  the  fact  that  the  fooith 
meeting  of  the  International  Geological  Congress  was 
to  be  held  in  London  in  the  month  of  September.  The 
Congress  originated  in  1876,  at  the  Buffalo  Meeting 
of  the  American  Association  for  the  Advancement  of 
Science.  Three  meetings  have  since  been  held — ^in  Paris 
1878,  in  Bologna  1881,  and  in  Berlin  1885.  A  very 
influential  committee  had  been  formed  for  promoting  the 
success  of  the  London  meeting,  most  of  the  Presidents 
of  Societies  like  the  Manchester  Geological  Society  had 
become  members,  and  the  coming  meeting,  it  was  anticipated, 
would  be  the  largest  ever  held.  Several  subject^s  of 
geological  interest  would  be  brought  forward.  The  principal 
idea  with  which  the  movement  started  was  to  assimilate  the 
colouring  of  geological  maps,  and  also  to  secure  uniformity 
in  geological  nomenclature  all  over  the  world.  There  was  a 
map  of  Europe,  now  in  course  of  construction,  upon  the 
principles  advocated,  the  colouring  and  the  names  being 
universally  accepted  by  geologists.  Of  course  other  matters 
of  geological  importance  would  be  discussed,  but  probably 
the  main  feature  of  the  Congress  would  be  the  opportunity 
afforded  of  personal  communication  with  many  distinguished 
foreign  geologists.  The  subscription  was  10s.,  and  sub- 
scribers were  entitled  to  the  whole  of  the  publications, 
which  were  issued  during  the  meeting  and  the  final  Report, 
which  were  well  worth  the  money. 

The  President:  If  any  members  wish  to  join  the 
Congress  for  this  year  they  will  perhaps  give  their  names  to 
the  Honorary  Secretaries.     I  have  put  my  name  down. 

The  President  stated  that  he  had  received  some  papers 
from  Mr.  Ikmning,  the  Secretary  of  the  North  of  England 
Institute  of  Mining  Engineers,  from  which  it  appeared  that 
an  effort  was  being  made  to  establish  a  federation  of  all 
Societies  in  the  kingdom  which  had  objects  in  connection 
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with  mining.  He  (the  President),  however,  thought  this 
was  a  matter  which  was  not  urgent,  and  might  fairly  stand 
over.  The  Manchester  Geological  Society  exchanged  its 
transactions  with  all  the  leading  Societies  in  the  country, 
including  the  North  of  England  Institute. 


The  Honorary  Secretary  (Mr.  Stirrup)  read  the  following 
paper  in  the  absence  of  the  author  : — 

OBSERVATIONS  ON  BOULDERS  FROM  THE  HIGH- 

LEVEL  DRIFT  OF  BAOUP. 

By  Mr.  Herbert  Bolton. 


In  July  of  this  year  my  attention  was  drawn  to  the 
opening  of  a  pit  in  a  bed  of  drift  sand  at  Slack,  a  mile  east 
of  Bacup. 

During  the  process  of  excavation  I  obtained  the  rock 
specimens  now  laid  before  you. 

A  hasty  glance  is  su£Scient  to  show  that  the  greater 
number  are  of  volcanic  origin,  whilst  detailed  examination 
willy  I  think,  show  them  to  be  derived  rocks  from  the 
Snglish  Lake  District. 

By  means  of  Walker's  Steel- Yard  Balance  I  have  deter- 
mined the  specific  gravity  of  most  of  the  specimens,  in  the 
hope  that  it  may  prove  of  service  in  fixing  upon  the  exact 
locality  from  which  they  have  been  derived. 

Specimen  A  has  a  sp.  gr.  of  1*55.  It  is  a  very  coarse 
granite,  with  (in  addition  to  the  essential  constituents) 
magnetite  and  a  large  amount  of  iron  oxides.  The  felspar 
is  easily  decomposed,  and  in  most  boulders  of  this  class 
kaolinisation  has  been  very  active.  These  boulders  are 
tolerably  abundant.  Careful  comparison  would  seem  to  show 
that  this  specimen  is  identical  in  character  with  a  type 
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specimen  of  Eskdale  granite,  now  in  the  Jermyn  Street 
Museum. 

Specimen  B  has  a  sp.  gr.  of  1*604,  being  slightly  heayier 
than  the  one  just  mentioned.  It  presents  much  the  appea^ 
ance  of  syenite,  but  I  believe  it  to  be  a  granite.  It  condsta 
of  quartz  in  small  crystals,  mica  (muscovite?)  and  orthoclBse 
felspar.  A  large  crystal  of  the  latter  exhibits  twinning. 
Magnetite  is,  I  think,  present,  and  the  rock  contains  a  large 
amount  of  iron  oxides.  This  specimen  closely  resembles 
Skiddaw  granite. 

Specimen  G  has  a  sp.  gr.  of  2'51.  It  is  possiblj  a 
trachytic  lava.  It  is  a  close  textured  rock  of  a  green  colour, 
and  shows  a  laminated  arrangement  of  the  particles  on  a 
freshly  broken  surface.  Very  small  plates  of  mica  are 
plentifully  diffused  through  it. 

Specimen  D.  The  sp.  gr.  of  this  I  have  not  determined. 
It  is  a  dark  green  rock,  much  similar  to  the  last,  but  crystak 
of  some  kind  are  very  evident  and  abundant.  It  has  the 
rough  feel  peculiar  to  trachytes,  and  I  class  it  with  the  last 
specimen  as  a  trachytic  lava. 

Specimen  E  is  a  beautifully  banded  rhyoUte  of  a  yellow 
or  ochre  colour.  It  contains,  like  all  rhyolites,  a  great 
number  of  air  cavities,  so  much  so,  that  when  immersed  in 
water,  the  noise  of  the  escaping  air  is  quite  audible.  The 
banded  structure  is  very  evident. 

Specimen  F  has  a  sp.  gr.  of  1'57.  It  is  most  probably  a 
hom-felstone  or  Halleflinta,  and  has  a  dull  homy-looking 
surface.  It  is  traversed  by  several  veins  of  quartz,  which 
are  in  all  likelihood  intrusive  and  not  the  result  of  segre- 
gation. On  a  freshly  broken  surface  it  shows  an  irregular 
banding,  which  cuts  the  quartz  veins  at  an  acute  angle. 
Fracture  is  very  irregular.  It  closely  resembles  the  Halle- 
flinta of  Coniston. 

Specimen   G   has   a  sp.  gr.  of  2*5.      Possibly  a  quartz 
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trachyte  or  quartz  rhyolite.  The  matrix  is  of  a  reddish- 
yellow  or  brick  colour,  and  contains  large  crystals  of  dull 
looking  quartz. 

The  matrix  is  very  soft,  yielding  readily  under  the  knife. 

A  black  mineral  is  present  in  some  abundance,  but  its 
precise  nature  I  have  been  unable  to  determine.  It  is 
interesting  to  note  that  most  of  the  quartz  crystals  have  a 
well-defined  hexagonal  outline. 

A  somewhat  similar  rock  to  this  occurs  at  Birkbeck  Fells 
in  the  Lake  District. 

Specimen  H  has  a  sp.  gr.  of  1*64,  and  is  apparently  a 
felsitic  lava.  It  is  of  a  dark  colour,  and  where  subject  to 
weathering  shows  well-marked  planes  of  foliation.  Eroding 
agents  would  seem  to  act  along  planes  of  some  particular 
mineral,  for  the  planes  of  foliation  are  rendered  more 
distinct  as  a  result  of  weathering.  This  rock  is  one  of  the 
most  plentiful,  and  at  a  later  stage  I  shall  have  to  refer  to 
it  again. 

Specimen  I  has  a  sp.  gr.  of  1*75.  This  is  a  dark  com- 
pact felstone,  of  a  micro-crystalline  structure.  It  weathers 
yellowish  green.  A  freshly  broken  surface  reveals  what 
appear  to  be  planes  of  jointing,  coated  over  with  a  brown 
deposit. 

Specimen  J  has  a  sp.  gr.  of  1*64.  Probably  a  felstone. 
It  presents  a  mottled  appearance  on  a  freshly  broken  surface, 
varying  in  colour  from  dark  green  to  brown.  It  weathers 
white  with  broad  patches  of  brown,  due  to  iron  oxide,  and 
streaky  masses  of  a  green  chloritic-lookiug  alteration  pro- 
duct are  produced.  Boulders  of  this  character  are  very 
common. 

Specimen  K  has  a  sp.  gr.  of  1'668.  This  specimen  con- 
sists of  a  micro-crystalline  base,  in  which  are  scattered 
quartz  crystals,  and  crystals  of  a  reddish  brown  colour. 
Flat  crystals  of  a  roujided  outline,  and  capable  of  being 
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tscratched  with  a  knife,  are  also  present.  The  reddiah 
crystals  I  suppose  to  be  felspar,  and  the  loose  material  a 
felsitic  one.  What  the  rock  is,  I  cannot  tell,  unless  it  be  a 
felspar  porphyry. 

Specimen  L  has  a  sp.  gr.  of  2 '38.  Probably  a  felsite.  It 
varies  in  colour  from  yellow  to  a  faint  pink,  and  is  appa^ 
ently  micro-crystalline. 

Specimen  M  has  a  sp.  gr.  of  1*643.  This  is  a  small 
rounded  fragment  presenting  a  peculiar  mottled  appearance 
owing  to  being  made  up  of  irregular  masses  of  di£Eerent 
mineral  matter.  It  appears  to  be  composed  of  angakr 
fragments  in  a  micro-crystalline  base,  and  I  should  suppoae 
it  to  be  of  eruptive  origin.  Careful  examination  shows  that 
the  included  matter  is  mostly  lenticular  in  shape,  so  that  the 
rock  presents  the  appearance  of  fluxion  lines.  Larger 
boulders  of  this  rock  show  the  darker  mineral  matter  stand- 
ing out  in  the  form  of  rounded  bosses  above  the  general 
surface  contour. 

Specimen  0  has  a  sp.  gr.  of  1*53.  Probably  a  quartz 
felsite.  It  is  a  hard  compact  rock  of  pinkish  hue,  and 
traversed  by  two  small  veins  of  quartz.  Quartz  crystals  are 
also  scattered  through  the  mass. 

Specimen  P  has  a  sp.  gr.  of  1*66.  It  is  a  micro-ciystal- 
line  rock,  of  a  deep  red  colour.  The  outer  surface  is  marked 
with  numerous  striutious,  running  in  various  directions. 

It  is  a  very  hard  and  dui'able  rock. 

Specimen  R  is  a  rock  consisting  of  an  irregular  mixture 
of  green  quartz  and  a  brown  mineral.  What  it  is  I  am 
unable  to  conjecture,  though  it  would  in  all  probability  be 
easy  to  refer  it  to  its  parent  rock  owing  to  its  characteristic 
appearance. 

Specimen  S  has  a  sp.  gr.  of  r534.  This  specimen  ib 
of  a  resinous  brown  colour,  passing  into  olive  green  on  the 
most  weathered  faces.     The  weathered  faces  are  much  pitted, 
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and  it  is  semi-transparent  on  thin  edges.  It  breaks  with  a 
8ub-conchoidal  fracture,  and  is  either  a  fragment  of  flint  or 
chalcedony,  though  of  unusually  low  specific  gravity. 

Specimen  U  has  a  sp.  gr.  of  1'8.  This  is,  perhaps,  the 
most  important  of  all  the  specimens,  since  it  contains  a 
fossil  in  beautiful  preservation.  The  rock  itself  is  a  black 
chert,  spHtting  with  a  smooth  face,  and  having  a  dull  waxy 
lustre.  It  is  perfectly  opaque  on  the  thinnest  edges,  and 
altogether  distinct  from  the  previous  specimen. 

The  fossil  is  probably  Orthis  striatula  (?)  a  form  charac- 
teristic of  the  Llandeilo  Beds  of  the  Lower  Silurian. 

Specimen  Y  has  a  sp.  gr.  of  1*45.  It  is  a  fine-grained 
red  sandstone,  foreign  to  the  district.  An  oxide  of  iron 
serves  as  the  cementing  material.  Flakes  of  mica  are 
abundantly  scattered  through  it. 

Specimen  W  has  a  sp.  gr.  of  2*03.  It  is  a  sedimentary 
rock,  foreign  to  the  district.  It  is  a  fine-grained  sandstone, 
full  of  minute  plates  of  mica,  and  cemented  together  with  an 
iron  oxide.     The  original  bedding  planes  are  quite  evident. 

Specimen  Y  is  a  sedimentary  rock,  possibly  of  local  origin. 
It  is  a  fragment  of  brown  shale,  and  has  much  the  appear- 
ance of  dried  mud. 

In  addition  to  these  specimens,  fragments  of  rocks  of 
local  origin  are  abundant ;  many  of  them  are  rounded  or  of 
an  oval  form,  and  distinctly  striated.  I  obtained  from  the 
pit  a  sandstone  boulder  of  about  5  inches  in  diameter,  which 
shows  these  striations  very  well. 

The  pit  also  yielded  a  fragment  of  calliard  rock  in  the 
fcrm  of  a  stigmarian  cast,  whilst  small  particles  of  shale 
were  abundant. 

The  sand  itself  is  of  an  angular  nature,  and  the  pit  had 
been  dug  to  a  depth  of  about  8  feet  without  reaching  a 
bottom.  The  upper  surface  of  the  bed  is  in  contact  with 
the  soil,  which  is  very  shallow,  being  about  3  inches  in  depth. 
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So  far  as  I  was  enabled  to  make  out,  the  sand  liad 
stretched  over  several  acres,  and  is  locally  known  as  flis 
Sandfield. 

It  is  interesting  to  note  that  beds  of  similar  character  ut 
found  at  two  places  within  a  distance  of  2|  miles  fran 
Sandfield,  viz. :   at  the  Bacup  Cemetery  and  at  Stacksteads. 

The  altitude  of  the  three  places  is,  however,  different 
Slack  is  about  1150  feet,  Bacup  Cemetery  about  1000  feet 
and  Stacksteads  about  950  feet  above  sea  leveL  These  bedi 
of  drift  sand  were  undoubtedly  deposited  at  the  same  time, 
and  in  my  opinion  were  originally  continuous,  and  had  • 
much  greater  area  than  at  present. 

I  am  led  to  these  conclusions  by  the  following  &cts : — 

The  elevation  at  which  the  beds  of  drift  sand  occur  would 
seem  to  indicate  a  former  slope  stretching*from  east  to  west 
and  having  a  length  of  2  J  miles.  The  extreme  point  of 
this  slope  on  the  east  I  take  to  be  the  flank  of  Hogshead 
Moor  at  Causeway  House  at  an  elevation  of  1150  feet;  and 
Heath  Hill,  Stacksteads,  on  the  west,  at  an  elevation  of 
900  feet 

Secondly,  the  sand  in  either  case  is  finely  angular,  and 
when  moist  is  very  coherent.  This  would  seem  to  indicate 
that  the  sand  is  of  the  same  nature. 

The  third  reason,  and  the  most  conclusive  one  is  that  both 
on  the  fianks  of  Hogshead  Moor,  Brandwood  Moor  and  the 
low  range  of  hills  bounding  the  Stacksteads  valley  on  the 
north,  there  is  present  a  bed  of  Boulder  clay,  which  runs  up 
to  a  height  of  not  less  than  1300  feet  in  several  places. 

At  Slack  I  have  found  this  bed  of  Boulder  clay  over 
lapping  with  its  lower  margin  the  bed  of  drift  sand  in  the 
same  meadow  from  which  the  specimens  were  obtained,  and 
traced  it  up  the  hill  to  a  height  of  over  1200  feet. 

The  late  Capt.  Aitken  traced  the  same  bed  over  the 
summit  of  Brandwood  Moor  at  an  elevation  of  1250  feet, 
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and  also  found  traces  of  it  at  Bull  Hill,  HaslingdeUy  at  an 
elevation  of  1371  feet.  At  Mow  Grain,  west  of  the  Broad- 
dough  Yalley,  I  have  picked  up  fragments  of  volcanic  ash 
(similar  to  what  is  found  in  the  boulder  clay),  at  a  height  of 
1260  feet.* 

A  fragment  of  f elstone  has  also  been  found  at  Derplay 
TTill  at  an  elevation  of  1370  feet.  During  the  past  summer 
I  also  came  upon  patches  of  the  same  bed  upon  Heald  Moor, 
wliich  has  a  height  of  1370  feet  to  1419  feet,  and  is  in 
line  with  Derplay  Hill.  I  attribute  the  breaking  up  of  the 
once  (presumably)  continuous  beds  of  drift  sand  to  those 
causes  which  operated  in  the  deposition  of  the  boulder  clay 
at  these  high  elevations.  The  boulder  clay  is  variously 
eoloured,  being  in  most  places  highly  charged  with  oxide  of 
iron,  which  stains  it  a  deep  red  or  yellow.  Boulders  occur 
in  profusion,  and  are  much  similar  to  those  now  before  you, 
only  of  larger  size,  the  majority  being  about  a  foot  in 
diameter,  and  striated. 

At  an  elevation  of  800  feet,  and  forming  the  floor  of  the 
lower  part  of  the  Burnley  Road  and  Stackstead  Valleys,  and 
also  underlying  the  town  of  Bacup,  is  a  bed  of  stiff  blue 
clay,  containing  very  few  boulders,  and  having  a  thickness 
of  about  100  feet. 

This  bed  is,  I  believe,  the  oldest  as  well  as  the  lowest  of 
the  drift  deposits  of  Rossendale. 

In  conclusion,  I  may  say  that  the  result  of  my  observa- 
tions would  seem  to  indicate  the  presence  of  three  well- 
defined  beds  of  Glacial  Drift  in  the  Bacup  area ;  the  first 
being  a  stiff  blue  clay  of  great  thickness ;  the  second,  a  bed 

In  a  narrow  ravine,  known  as  * 'Peters  Clough/'  and  at  an  elevation  of 
about  950  feet,  occurs  a  drift  boulder  similar  to  Specimen  H,  and  having  the 
following  dimensions  : — Major  axis,  31  inches ;  minor  axis,  27  inches  ; 
thickness,  24  inches.  The  planes  of  foliation  ran  along  the  major  axis,  and  I 
have  been  unable  to  make  out  any  evidence  of  striation.  The  boulder  has 
been  brought  from  a  higher  point  by  the  stream  flowing  through  the  clough, 
and  it  is  even  now  washed  by  the  water  in  its  passage  downward. 
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which  is  to  some  extent  represented  on  that  map.     If  Mr. 
Garvill  Lewis  had  been  in  this  room  (and  I  hope  we  maj 
have  the  pleasure  of  seeing  him  here  soon)   it  would  be 
satisfactory  to  fight  out  our  points  of   difference.     With 
regard    to  that  map   which  has   been   handed    round,  I 
should  like  to  say  that  it  does  not  represent  the   facts 
of  English    boulder  geology   with   accuracy.       It    is   an 
exceedingly    imperfect    map,    and   it   does  not    give  the 
distribution  of  the  boulder  clays  in — Essex,  for  instance. 
It    ignores    the    fact    that    such    deposits    as    these   are 
to    be    found    not    only    on    the    Western    side    of   the 
Pennine  Chain,  but  also  on  the  Eastern  slopes.      Accord- 
ing to  Mr.  Garvill  Lewis's  view  the  ice,  which  has  done 
such  a  tremendous    amount    of   work,    started    in    some 
mysterious    way,    contrary    to    the    laws    of    gravitation, 
at  the  bottom  of  the  Irish  Sea,  and  worked  its  way  up-hill 
till  it  reached  the  top  of  the  Pennine  Chain,  and  there 
stopped.     That,   I    need    hardly   say,   is   contrary   to  all 
experience.     Ice  always  moves  from  higher  to  the  lower 
ground,  though   it   is   perfectly   true   if    there  is  a   con- 
siderable head   of  ice  it   will   override  minor   elevations. 
Then,   with   regard    to    these    boulders,   to   the    evidence 
itself.      These  boulders,  brought  by  ice,  are    to  be  found 
everywhere   in  the  Pennine   Chain — equally  on    the  East 
as  on  the  West  side.     They   exist  on  the  other  side  of 
the  Pennine  Axis,   in  the  neighbourhood  of  Todmorden, 
and  also  on  the  hills  above  Sheffield,  at  altitudes  ranging  to 
1,000  feet  and  more.     Therefore,  I  do  not  quite  understand 
how  the  said  glacier  of  the  Irish  Sea  can  be  supposed  to  hs^^^ 
stopped  at  the  top  of  the  Pennine  Chain.     It  must  have  gone 
right  over ;  and,  further,  when  we  get  these  same  stones 
scattered  as  far  as  the  line  of  the  Humber,  it  seems  to  J06 
there  is  practically  not  much  use  in  that  map.     Mr.  Carvill 
Lewis's  view  is  that  a  great  mass  of  ice  filled  up  the  whole 
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▼eiy  likely  to  have  been  one  of  the  deposits  spoken  of  by 
Mr.  Bolton.  Mr.  Carvill  Lewis  has  had  a  wide  experience 
of  glacial  phenomena  in  North  America,  and  also  in  various 
parts  of  the  European  Continent,  and  has  spent  many 
months  of  holidays  in  Ireland,  and  in  various  parts  of 
England,  in  trying  to  gather  some  definite  data  in  support 
of  a  theory  he  maintains,  which  he  thinks  holds  good  all  over 
the  northern  hemisphere.  I  have  here  a  sketch  map  which 
he  exhibited  at  the  recent  British  Association  meeting  in  our 
city,  of  the  glaciation  of  England,  in  which  he  shows  that  the 
ice  field  came  down  on  the  eastern  side  of  England,  blocking 
up  the  estuary  of  the  River  Humber,  and  filling  the  bed  of  the 
North  Sea ;  the  same  phenomena  are  depicted  on  the  west 
aide  of  England  and  Scotland ;  the  Irish  Sea  being  choked 
up  with  a  glacier.  There  is  a  red  line  drawn  across  the  map 
where  he  shows  his  terminal  moraine.  The  Irish  Sea  glacier 
18  seen  protruding  on  to  the  land  in  Lancashire  as  far  as  the 
Pennine  Chain;  and  he  says: — "In  the  neighbourhood  of 
Manchester  the  great  moraine  of  this  Irish  Sea  glacier  may 
be  followed  through  Bacup,  Hey,  Stalybridge,  Stockport, 
and  Macclesfield,  being  as  finely  developed  as  the  moraines 
of  Switzerland  and  America.  South  of  Manchester  it  con- 
tains flints  and  shell-fragments,  brought  by  the  glacier  from 
the  sea  bottom  over  which  it  passed.  At  Manchester  the 
ice  was  at  least  1400  feet  thick,  being  as  thick  a§  the  Rhone 
glacier.^'  I  am  not  sure  that  all  Mr.  Carvill  I^wis  has  said 
with  regard  to  these  terminal  moraines  will  be  able  to  be 
borne  out ;  and  so  far  as  I  understand  his  theory,  I  think 
that  it  is  a  little  in  advance  of,  if  not  at  variance  with,  the 
&ct8,  so  far  as  Lancashire  is  concerned. 

Professor  Boyd  Dawkins  said:  Mr.  Pi:esident,  I  certainly 
feel  relieved  to  hear  Mr.  Stirrup  conclude  his  remarks  by 
not  taking  up  the  point  of  view  that  Mr.  Carvill  Lewis 
advanced  at  the  meeting  of  the  British  Association,  and 
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when  Frofesaor  Lewis  said  that  it  was  to  be  aeea  at  Bieii{b 
Where  in  the  neighbourhood  of  Bacup  it  is  to  be  seen  I, 
for  one,  do  not  know.  It  would  be  rather  interestiag  to 
discover. 


The  following  communicatioD  by  Mr.  Henrt  Cowbubh, 
of  Leigh,  near  Manchester,  was  read  in  the  writer's  abs^ce 
by  one  of  the  Honorary  Secretaries  (Mr.  M.  Stirrdp)  :— 

ON  BOULDERS  IN  COAL  SEAMS. 

"  I  send  you  herewith  two  boulders  which  I  found  a  few 
weeks  ago,  in  the  Five  Feet  mine  at  Brookside  CoUierj, 
Leigh.  This  mine  is  called  the  "Six  Feet"  or  "Nina 
Feet "  at  Wigan  and  the  Trencherbone  at  "Worsley. 

They  were  firmly  fixed  in  the  growing  coal  about  aii 
inches  from  the  bottom  of  the  seam,  as  under : 


4bff/  Sissy 


They  are  both  more  or  less  water  worn,  and  appear  to  bo 
formed  of  a  very  hard  fine  Bsndstone.  I  have  never  before 
come  across  any  myself,  but  a  collier  tells  me  that  a  few 
months  ago  he  found  at  least  twenty  of  them  lying  in  i 
space  about  3  yards  by  2  yards  (all  were  rounded),  and  the 
colliers  words  were :  '  that  the  place  where  they  were  found 
looked  like  an  old  brook  bottom,'  but  he  did  not  think  it 
worth  his  while  to  bring  any  of  them  out  of  the  pit.  The 
two  I  send  you  are  not  at  all  like  any  of  the  surrounding 
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strata,  in  fact  the  only  sandstone  we  have  is  quite  20  yards 
higher,  and  immediately  below  the  Four  Feet  mine. 

"  You  will  see  from  sketch  below  that  the  ground  is  very 
much  broken  up  with  faults." 


tScAc  t     Of      rji00* 
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ON  FOREIGN  BOULDERS  IN  COAL  SEAMS. 
By  Mb.  Mark  Stirrup,  F.G.S. 


The  Goal  Measure  Rocks  of  Lancashire,  as  elsewhere, 
consist  for  the  most  part  of  a  series  of  siliceous  sandstones 
of  various  grain  and  textiire  and  thick  beds  of  shale,  among 
which  are  distributed  the  coal  seams,  with  their  associated 
under-clays  or  seat-rocks. 

Now  in  these  coal  seams,  of  purely  vegetable  origin,  and 
in  the  roof  close  upon  the  coal,  are  occasionally  found  pebbles 
and  boulders  of  rocks  differing  totally  in  aspect  and 
composition  from  any  of  the  rocks  which  occur  in  the 
carboniferous  system. 

They  are  in  fact  erratics,  just  as  much  as  the  boulders  in 
the  Glacial  Drift;  wanderers  probably  from  some  old 
mountain  land,  whence  they  have  been  carried  by  storm  or 
flood,  or  may  be  they  are  voyagers  from  some  ancient 
aea  board,  upon  whose  unknown  shore  they  were  rolled  and 
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worn,  in  ages  long  prior  to  tbe  oldest  rocks  of  the  carixni- 
ferous  formation. 

The  difficnltT  that  at  once  presents  itself  with  regard  to 
these  boulders,  is,  what  cause  can  we  assign  for  thdr 
presence  in  their  actual  position  seeing  that  the  characters 
and  structure  of  the  beds  of  coal  and  the  shales  which 
entomb  them,  indicate  agencies,  for  their  aocmnulation, 
which  hare  been  slow  and  tranquil  in  their  operation,  while, 
on  the  other  hand,  these  intrusive  strangers  suggest,  hy 
their  presence,  the  action  of  sudden  and  transient  forces; 
the  problem  therefore  for  solution  is,  whence  did  they  come 
and  by  what  means  were  they  transported? 

The  importance  that  attaches  to  these  boulders  is,  that 
could  we  read  their  history  aright  and  ascertain  whence  they 
came,  it  would  give  us  some  clue  to  the  physical  features  of 
the  old  land  areas  iu  pre-carboniferous  times,  and  enable 
the  palax)-physiographer  to  construct  his  charts  with  a 
greater  probabilitj'  of  correctness  than  at  present. 

Further,  could  the  means  bv  which  these  boulders  were 
deposited  in  the  coal  be  clearly  pointed  out,  they  would 
either  confirm  or  refute  the  arguments  of  those  physicists 
who  contend  that  this  earth  of  ours  has  experienced  great 
periodic  alternations  of  climate,  cycles  of  cold  and  heat,  due 
to  cosmic  causes,  acting  through  all  time. 

The  presence  of  these  foreign  boulders  in  coal  seams  has 
been  long  known,  but  they  have  always  been  considered  rare 
and  phenomenal. 

The  late  Mr.  E.  W.  Binney,  in  1851,  read  a  paper  on  the 
subject  before  the  Manchester  Literary  and  Philosophical 
Society  (n'de  Vol.  9,  2nd.  series,  p.  306),  in  which  he  describes 
and  figures  some  roimded  grey  quartzone  stones  from  the 
4- feet  mine  at  Patricroft,  and  from  another  seam  under  the 
same  mine  at  Pendleton.  These  stones  varied  in  weight 
from  2|lbs.  to  6  Jibs.     Mr.  Binney  says,  "  their  composition 
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is  the  same,  though  found  in  different  seams  and  at  different 
places."  And  again,  "Each  of  the  seams  in  which  the 
boulders  occurred  (and  they  were  found  in  the  middle  of  the 
beds)  is  placed  on  a  floor  full  of  stigmaria  roots,  thus  afford- 
ing conclusive  proof  that  the  plants  of  which  the  seams 
were  formed  grew  upon  the  spots  where  now  found." 

Otl^er  notices  may  be  f oimd  in  the  Transactions  of  the 
Manchester  Geological  Society  by  Mr.  Plant,  the  late  Mr. 
Aitken,  and  other  members. 

Mr.  Plant,  in  1874,  reports  their  occurrence  in  the  Two 
Feet  Trencherbone  Mine  at  Kearsley.  He  says  : — "  These 
boulders  are  reported  by  the  miners  to  be  of  rare  occurrence 
in  the  coal  beds,  but  when  they  do  occur,  it  is  in  groups  of 
five,  six,  a  dozen,  or  even  twenty,  all  lying  in  a  limited 
space,  but  separately  embedded  in  the  coal." 

These  boulders  are,  as  a  rule,  hard  siliceous  grits  or 
quartzites,  ranging  in  colour  from  pale  to  dark  gray,  and 
would  betoken  by  their  character  and  mineralogical  com- 
position that  they  were  all  derived  from  one  common 
source. 

The  description  of  a  few  of  our  Lancashire  boulders,  now 
exhibited,  will  apply  to  those  of  many  other  districts,  so 
uniform  are  they  in  appearance. 

Though  differing  often  in  form  and  size,  they  have  this 
common  characteristic,  that  they  are  smoothed,  often 
polished,  with  the  comers  roimded  off  by  abrasion. 

Their  forms  are  various ;  roughly  quadrangular,  irregu- 
larly ovoid  or  elliptical,  occasionally  globular,  and  all  have 
been  evidently  water-worn,  before  being  deposited  in  the 
coal  strata,  as  is  shown  by  their  roimded  contours. 

A  thin  film  of  coal  or  shale,  according  to  the  matrix,  is 
often  found  closely  and  firmly  adherent  to  the  surface,  and 
this  coating  has  not  imfrequently  the  appearance  of  the 
polished  surface  known  as  '^  slickensides,"  which  has  pro- 
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mine,  which  is  worked  at  a  depth  from  the  surface  of  300 
to  350  yards. 

These  pebbles  where  they  touch  the  coal  are  often  coated 
with  iron  pyrites,  and  exhibit,  fixed  on  the  carbonaceous 
skin  which  surrounds  them,  teeth,  scales,  and  spines  of 
fishes. 

Mr.  James  RadclifFe,  of  the  Astley  Pit,  Dukinfield,  in 
working  the  Roger  Coal  of  that  district,  has  found  numerous 
boulders,  some  of  very  large  size,  which  he  has  recently 
described  before  the  London  Geological  Society  (Q.  Jour. 
Gteo.  Soc.,  Yol.  43,  p.  599),  some  specimens  of  which  he  has 
kindly  sent  here  for  exhibition. 

They  are  all  gray  grits  or  quartzites,  which  differ  little  in 
appearance,  and  probably  are  all  from  one  source. 

Small  ones  of  5  to  6  lbs.  are  not  uncoimnon,  but  he  has 
obtained  two  large  ones  from  the  same  seam,  weighing 
respectively  100  and  156  lbs. 

They  occur  at  a  depth  from  the  surface  of  500  to  550 
yards,  and  are  found  lying  near  the  top  of  the  Roger  Coal 
and  usually  half  imbedded  in  it,  as  shown  in  the  block  of 
coal  exhibited. 

The  Roger  seam  is  upwards  of  500  yards  above  the  Arley 
Mine,  the  recognized  base  of  the  Middle  Coal  Measures  of 
Lancashire. 

In  answer  to  my  enquiries,  I  have  been  favoured  by  Mr. 
Herbert  A.  Woodward  with  particidars  of  some  recent 
boulders  found  in  the  deep  mines  of  the  Clifton  and  Kersley 
Collieries,  near  Manchester,  many  having  been  found  in  the 
upper  mines  previously  of  which  no  public  record  exists. 
He  reports  that  they  are  found  in  clusters  as  a  rule,  but  in 
a  few  instances,  singly.  He  says  they  are  common  to  all 
seams  of  this  district,  but  are  most  plentiful  in  the  Trencher- 
bone  seam,  which  corresponds  with  the  6  feet  or  9  feet 
seam  of  the  Wigan  district. 
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They  are  found  in  the  coal,  in  the  roof,  and  aonu 
half  imbedded  in  both  coal  and  roof,  at  depths  of  720,  II 
and  1800  feet  from  surface. 

There  are  no  special  signs,  either  in  the  coal  or 
show  under  what  circimistances  they  were  deposited ; 
position  of  some  of  them  in  the  Measures  is  shown  ia-i 
sketch.     They  are  all  rounded  and  water  worn,  and 
weight  from  1  lb.  up  to  16  cwt.  (1792  lbs.) 

The  latter  is  of  extraordinary  size,  and  far  exceeds 
hitherto  found  (see  sketch  A  B).  It  was  one  of  three  boi 
(the  smallest  of  which  would  weigh  5  cwt.)  found  in  a 
in  driving  a  tunnel  from  the  Doe  Mine  to  the  White 
at  a  depth  of  240  yards  from  the  surface.     They  were 
found  in  the  coal,  but  in  a  bed  of  dark  blue  metal  in 
Measures  overlying  the  Doe  Mine. 

Two  of  these  have  been  destroyed,  but  they  are  sup] 
to  have  been  similar  to  the  remaining  one,  which  is  a 
dark-coloured  grit,  not  quartzite. 

Another  is  noted  from  the  Trencherbone  coal,  at  a 
of  350  yards  from  the  surface,  weight  about  601bs.,  lying 
the  top  of  the  coal,  in  which  it  was  half  embedded, 
covered  by  the  soft  blue  metal  roof.     (See  sketch  C.) 

A  group  of  three  others,  as  seen  in  the  sketch  D,  are 
bedded  in  the  solid  coal  of  the  Trencherbone  seam,  and 
on  a  thin  parting  in  the  coal  of  a  quarter  of  an  inch  thick  i 
smudge.     Mr.  Woodward  says  that  a  smooth  "  slickensi^ 
surface  surrounded  each  of  the  boulders,  and  they  ap] 
as  if  the  coal  had  been  run  round  them  like  asphalte. 
three  are  all  quartzite,  and  were  found  at  a  depth  of  11 
feet  from  the  surface. 

All  the  boidders  mentioned  come  from  the  Middle 
Measiires  of  Lancashire,  from  the  Arley  Mine  at  the  base 
the  upper  part  of  the  Middle  series. 

Some  interesting  boulders  have  been  recently  found  in 
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They  are  found  in  the  coal,  in  the  roof,  and 
half  imbedded  in  both  coal  and  roof,  at  depths  of  720, 
and  1800  feet  from  surface. 

There  are  no  special  signs,  either  in  the  coal  or 
show  under  what  circimistances  they  were  deposited ; 
position  of  some  of  them  in  the  Measiires  is  shown  h 
sketch.     They  are  all  roimded  and  water  worn,  and 
weight  from  1  lb.  up  to  16  cwt.  (1792  lbs.) 

The  latter  is  of  extraordinary  size,  and  far  exceeds 
hitherto  found  (see  sketch  A  B).  It  was  one  of  three 
(the  smallest  of  which  would  weigh  6  cwt.)  found  in  a 
in  driving  a  tunnel  from  the  Doe  Mine  to  the  White 
at  a  depth  of  240  yards  from  the  surface.     They  werer 
found  in  the  coal,  but  in  a  bed  of  dark  blue  metal  in 
Measures  overlying  the  Doe  Mine. 

Two  of  these  have  been  destroyed,  but  they  are  sup] 
to  have  been  similar  to  the  remaining  one,  which  is  a 
dark-coloured  grit,  not  quartzite. 

Another  is  noted  from  the  Trencherbone  coal,  at  a  d< 
of  350  yards  from  the  surface,  weight  about  GOlbs.,  lying'^ 
the  top  of  the  coal,  in  which  it  was  half  embedded, 
covered  by  the  soft  blue  metal  roof.     (See  sketch  C.) 

A  group  of  three  others,  as  seen  in  the  sketch  D,  are  etMi 
bedded  in  the  solid  coal  of  the  Trencherbone  seam,  and  liil 
on  a  thin  parting  in  the  coal  of  a  quarter  of  an  inch  thick  411 
smudge.  Mr.  Woodward  says  that  a  smooth  "  slickensidift 
surface  surroimded  each  of  the  boulders,  and  they  appettit^ 
as  if  the  coal  had  been  run  round  them  like  asphalte.  Thiiftj 
three  are  all  quartzite,  and  were  found  at  a  depth  of  18^ 
feet  from  the  surface.  lU 

All  the  boulders  mentioned  come  from  the  Middle  OimI. 
Measiires  of  Lancashire,  from  the  Arley  Mine  at  the  baseA 
the  upper  part  of  the  Middle  series.  r.Vl 

Some  interesting  boulders  have  been  recently  found  in-tfui 
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Lower  Coal  Measures  of  Lancashire  at  Bacup;  they  are, 
however,  of  rarer  occurrence  in  the  Lower  Coal  than  in  the 
Middle  Coal  Measures. 

In  the  '*  Old  Meadows'  Pit,"  belonging  to  H.  H.  Bolton, 
Esq.,  about  70  to  80  yards  from  the  surface,  was  recently 
found  a  well-rounded,  almost  globular  boulder  of  granite, 
measuring  16  inches  in  circumference,  and  weighing  6^  pounds. 
It  lay  embedded  in  the  roof,  which  is  a  hard  sound  rock,  close 
to  the  top  of  the  coal,  which  is  known  as  the  Gunnister  Coal 
or  Mountain  Mine,  upwards  of  1000  feet  below  the  Arley. 
This  specimen,  which  is  a  very  interesting  one,  I  shall  refer 
to  again  when  reading  a  few  remarks  upon  it  by  Professor 
Bonney. 

Portions  of  two  smaller  boulders  from  the  same  mine  have 
recently  come  into  my  hands.  They  have  the  same  rounded 
outlines,  with  a  coating  of  carbonaceous  matter ;  one  is  com- 
posed of  angular  grains  of  quartz,  largely  impregnated  with 
sulphide  of  iron ;  the  other  is  a  dark  gray  quartz  felsite, 
similar  to  rocks  f oimd  in  the  Lake  District. 

These  boulders  and  the  granite  one  were  taken  from  a 
depression  (Horse  rig)  which  runs  through  the  Old  Meadows' 
Pit,  and  which  continues  through  other  coal  pits  on  the  hill 
side  in  the  direction  of  a  pit  called  the  ''  Moorcock,"  at  the 
head  of  Walsden  Valley.  Though  taken  from  the  same 
depression,  they  were  separated  by  some  distance  from  each 
other. 

Mr.  George  Scott,  in  reference  to  these  boulders,  says 
they  are  not  plentiful,  he  having  only  met  with  four  or  five 
during  many  years'  acquaintance  with  the  pits.  Some  are  of 
quartzite,  but  all  are  covered  with  a  thin  film  of  coal,  and  they 
occur,  as  a  rule,  singly,  on  the  top  of  the  coal,  or  sometimes 
partly  imbedded  in  it.  No  large  ones  have  been  found  in 
this  neighbourhood,  those  noticed  being  from  1  lb.  to  6  or 
71b6. 
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Mr.  Soott  also  informs  me  that  some  ten  years  or  more  ago, 
a  red  granite  boulder,  of  small  size,  was  found  in  the  Sand 
Rock  Mine,  about  one  mile  from  Bacup,  a  thin  coal  in  the 
uppermost  Millstone  Grit  or  Bough  Bock.  ItwasooTeredwith 
a  thin  film  of  coal,  and  had  the  usual  rounded  contour.  This 
specimen  has,  however,  been  lost. 

Boulders  such  as  I  have  mentioned,  consisting  of  ex- 
traneous rocks  imported  into  the  neighbourhood,  are  by  no 
means  confined  to  the  Lancashire  Coal  Field;  similar 
instances  have  been  recorded  from  the  Leicestershire  Goal 
Field  by  Mr.  Gresley,  and  by  other  observers  from  North 
Staffordshire,  the  Forest  of  Dean,  South  Wales,  and  oilier 
of  our  English  coal  fields. 

Mr.  Eidston  informs  me  that  they  are  absent,  so  for  as 
is  known,  from  the  Scottish  coal  field. 

Another  important  fact  to  bear  in  mind  in  considering 
the  distribution  of  these  puzzling  boulders  is,  that  they  are 
not  restricted  to  the  Coal  Measures  of  England,  only,  but 
they  are  met  with  on  the  continent  of  Europe,  in  the  Coal- 
beds  of  Saxony,  Upper  Silesia,  Austro-Silesia,  and  elsewhere. 

Since  bringing  this  subject  before  the  meeting  of  the 
British  Association  in  our  City  in  September  last,  Mr.  Bobert 
Kidston,  F.G.S.,  has  drawn  my  attention  to  a  paper,  entitled 
"GeroUe  in  und  auf  der  Kohle  von  Steinkolenflotzen, 
besonders  in  Oberschlesien  "  (on  Boulders  in  and  upon  the 
Coal  of  Coal  Seams,  especially  in  Upper  Silesia),  by  Ch.  E. 
Weiss,  of  Berlin,  in  the  Jahrhuch  der  Koniglich  Preuasischen 
Oeohgischen  Landesanstalt  und  Bergakademie  zu  Berlin  fir 
das  Jahr,  1886, 

In  this  paper,  Weiss  quotes  the  investigations  and 
opinions  of  Herr  D.  Stur,  embodied  in  a  memoir  entitled 
"Uber  die  in  Flotzen  reiner  Steinkole  enthaltenen  Stein- 
Bundmassen  und  Torf-Spharosiderite "  (Jahrbuch  d.  k.  k. 
Geol.  Beichsanstalt  zu  Wien,  1885,  S  613)  (On  Seams  of 
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Pare  Goal  containing  Rounded  Stones,  &c.)  where  a  catalogae 
is  given  of  all  the  then  known  occurrencea  of  boulders  in 
ooal  seams  on  the  continent  and  elsewhere,  including  the 
earlier  discoveries  of  Romer. 

These  boulders,  from  various  coal  pits  in  Austro-Silesia 
and  Upper  Silesia,  recorded  in  the  memoirs  just  mentioned, 
have  the  same  outward  characteristics  as  those  found 
in  the  English  coal  beds,  having  for  the  most  part 
the  same  roimded  outlines,  with  a  smoothed  and  polished 
surface ;  except  in  some  of  the  granulite  boulders,  which 
exhibit  a  certain  roughness  due  to  the  small  garnets  they 
contain  standing  out  from  the  general  mass,  a  circumstance 
no  doubt  due  to  weathering,  and  as  Herr  Weiss  justly 
remarks,  this  affords  no  argument  against  their  being 
boulders. 

These  rounded  stones  all  belong  to  ancient  crystalline  or 
metamorphic  rocks,  and  are  classified  as  Gneiss,  Granitic, 
Quartz-Porphyry,  Granulite,  Quartzite,  &c. ;  they  vary  in 
weight  from  about  1  lb.  to  7  lbs.  as  a  rule.  One  instance, 
however,  is  recorded  of  much  larger  size,  from  Kattowitz, 
in  Upper  Silesia,  this  is  the  largest  known  boulder  recorded 
by  the  German  authors.  It  is  a  typical  Granulite,*  lenti- 
cular in  shape,  weighing  55  kilogrammes,  i.e.,  about  121 
English  pounds.  It  measures  50  centimetres  in  length, 
35  centimetres  in  breadth,  and  20  centimetres  in  thickness. 

In  an  appendix  to  the  paper  of  Herr  Weiss,  he  mentions 

that  in  August,  1885,  according  to  an  account  in  Mittheilung 

dea  Konigl  Oberbergamtes  zu  Breslau,  another  discovery  had 

been  made  in  the  Caroline  Seam  of  the  Hohenlohe  Colliery, 

'Kattowitz,  Upper  Silesia,  of  a  group  of  ten  boulders. 

The  largest  weighed  about  80  kilogrammes  (176  lbs.), 

*  Oranulite  is  a  schistose  rock,  consisting  mainly  of  orthoclasse  felspar  and 
quarts,  with  small  grains  or  crystals  of  red  garnet  disseminated  through  the 
maas.  This  rock  occurs,  associated  with  other  crystalline  rocks,  in  the 
nofiTitainons  regions  of  Saxony,  Bohemia  and  Moravia. 
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others  25  and  20  kilogrammes  (55  and  44  lbs.),  bat  of 
these  no  description  has  yet  been  giyen. 

Herr  Slur  in  his  paper  seems  to  have  some  doubt  about 
these  Stein^Rundmasaen,  having  any  reason  to  be  regarded 
as  boulders,  although  he  does  not  ignore  their  similarity  to 
known  rocks.  He  seems  rather  to  argue  for  their  being 
concretionary  bodies,  and  compares  them  with  what  are 
known  to  us  by  the  name  of  coal-balls  or  bullions,  whidi 
are  undoubtedly  concretions,  due  to  the  various  mineral 
substances  disseminated  through  them.  "  Of  course,'^  says 
Herr  Stur,  with  evident  candour,  '^one  cannot  say  tndy 
that  this  is  so,"  yet  he  seems  to  see  no  other  way  of 
explaining  their  presence. 

The  hypothesis  of  the  transport  of  these  stones  by  floating 
trees,  seems  to  him  incompatible  with  the  "colossal  weight" 
of  such  pieces  as  that  weighing  55  kilogrammes. 

Herr  Weiss,  on  the  other  hand,  sees  no  obstacle  in  the 
weight  of  these  boulders  to  militate  against  the  assumption 
of  portage  by  floating  trees,  for  he  says,  "  it  now  appears 
that  a  weight  of  several  hundredweight  is  absolutely  not 
too  high  for  such  a  means  of  transport,  for  certainly  at  that 
time,  there  were  trees  big  enough  to  bear  such  loads  in  the 
water  without  sinking." 

Further,  he  says,  "  it  is  not  directly  necessary  to  assume 
that  they  must  have  been  the  interlaced  roots  that  held  faat 
such  stones  and  carried  them  away,  as  even  the  thick 
branches  would  be  able  to  sustain  them,  if  they  once  fdl 
into  the  same,  from  any  steep  banks,  while  drifting  by,  and 
thus  they  might  be  floated  onwards  by  wind  gradually  to 
far  distances,  until  the  raft  became  rotten  and  allowed  its 
too  heavy  freight  to  sink." 

Herr  Weiss,  while  strongly  supporting  the  view  of  these 
rounded  stones  being  true  boulders  in  opposition  to  Star  s 
opinion,  is  evidently  a  strong  adherent  to  the  drift-wood 
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theory  as  an  explanation  of  their  distribution,  for  he  says, 
in  another  part  of  his  paper,  ''  If  one  assumes  the  explana- 
tion of  the  transport  of  these  boulders  by  trees  one  is 
reduced  to  the  agency  of  drift-wood,  and  one  may  arrive  at 
the  conclusion  that  the  coal  measures  consist  generally  of 
such  transported  material,  instead  of  plants  grown  on  the 
spot,  which  latter  opinion  is  the  most  general  one  at  present. 
But  in  truth,  it  will  not  be  necessary  to  deprive  oneself  of 
the  advantage  of  this  explanation,  by  denying  the  possibility 
of  a  partial  transport  of  foreign  coal  forming  materials  by 
means  of  drift  wood,  which  have  landed  now  and  then  these 
stony  strangers.  In  all  cases  the  drift  is  a  subordinate 
phenomenon ;  but  entrances  from  the  open  sea  to  parts 
occupied  by  the  coal  flora  must  have  been  existing  there, 
especially  when  we  find  such  witnesses  of  travel  at  that 
period,  even  distant  journeys  of  loads,  such  as  those  shown 
by  the  deposit  of  these  {Mark  Steine)  landmarks." 

Herr  Weiss  touches  upon  another  point  in  the  history  of 
these  boulders,  i.e.,  their  distribution  in  time  or  in  the 
vertical  series  of  the  coal-measures. 

Attempts  have  been  made  by  several  continental  geolo- 
gists to  ascertain  and  determine  the  relative  age  of  the 
various  coal  seams  of  detached  coalfields  by  a  consideration 
of  their  fossil  flora. 

This  work  of  stratigraphical  botany  has  been  done  for  the 
Loire  coalfield  of  Central  France  by  M.  Grand  Eury,  by  M. 
Gosselet  for  Northern  France  and  Belgium,  and  for  portions 
of  Germany  by  Goeppert,  Geinitz,  and  others,  but  no  similar 
attempt  has  yet  been  made  to  classify  our  English  coal 
measures. 

Now  it  appears  from  the  evidence  of  Weiss  that  certain 
of  the  coal  seams,  which  have  furnished  these  stray  boulders 
in  Austro-Silesia,  have  been  identified  by  their  flora  with 
other  boulder-yielding  seams  belonging  to  widely  separated 
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coalfields  in  Upper  Silesia.  Presuming  then,  this  identifica- 
tion to  be  correct,  it  would  follow  that  the  transport  and 
deposit  of  these  boulders  took  place  somewhat  about  the 
same  period  or  within  not  very  widely  separated  limits  of 
time. 

This  period,  according  to  Stur,  and  adopting  Geiniti's 
classification,  would  appear  to  correspond  with  the  uppers 
most  part  of  his  Sagenaria-zone  (Lepidodendron  veltheimi- 
anum),  which,  according  to  Grand  Eury,  would  belong  to  the 
lower  group  of  the  middle  coals. 

Turning  now  to  the  question  as  to  the  probable  place 
whence  these  before  cited  boulders  were  derived,  Weiss  says 
their  composition  corresponds  to  a  certain  extent  with  that 
of  the  rocks  composing  the  nearest  situated  older  mountains. 

"  That  the  Upper  Silesian  boulders,  which  consist  for  the 
most  part  of  Granulite,  came  from  the  great  *  massif '  of  old 
crystalline  silicate  rocks  of  Bohemia,  which  stretch  over 
large  tracts  of  the  neighbouring  countries  of  Saxony,  Silesia, 
Moravia,  &c.,  appears  certainly  very  probable." 

And  again,  he  says,  "  a  very  important  fact  to  obtain 
a  clue  to  the  derivation  of  our  Upper  Silesian  coal 
boulders  is  the  geographical  position  of  the  places  where  the 
discoveries  have  been  made.  These  collieries  lie,  generally 
speaking,  in  a  straight  line  of  about  70  kilometres  (43  miles) 
from  north  east  to  south  west.  This  line  points  to  their 
south-westerly  prolongation  in  the  district  of  Briinn,  in 
Moravia,  whence,  particularly  from  Namiest,  west  of  Brunn, 
Granulite  has  long  ago  been  known.  The  distance  from 
Namiest  to  Ostrau  (one  of  the  most  southerly  of  these 
collieries)  is  about  170  kilometres  (105  miles).  Though 
there  may  be  in  the  position  of  these  given  points  no  fixed 
proof  for  the  transport  of  the  boulders  from  S.W.  to  N.E., 
and  for  so  long  a  distance,  yet  it  is  quite  within  the  range 
of  possibility  that  in  this  direction,  floating  trees,  laden  with 
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a  freight  of  stones,  have  been  carried  far  above  200  kilo- 
metres ere  their  burden  sank." 

The  verification  of  this  hjrpothesis  depends,  he  says,  upon 
further  research  among  the  rocks  of  the  Bohemian  mountain 
ranges,  and  also  upon  a  closer  petrographical  investigation 
of  their  constituents. 

Having  reviewed  the  evidence  afforded  by  these  Euro- 
pean and  British  examples  we  will  now  cross  the  broad 
Atlantic  to  the  North  American  Continent,  and  we 
shall  find  that  we  have  similar  evidence  forthcoming 
from  the  coal  seams  of  the  United  States.  If  we  regard 
the  character  and  the  composition  of  the  American  boulders, 
and  their  position  in  the  coal  beds,  we  find  them  to  accord 
in  all  points  with  those  of  our  own  country,  and  the  descrip- 
tion given  of  them  by  American  geologists  would  very  well 
apply  to  our  own.  Professor  Orton,  State  Geologist  of 
Ohio,  to  whom  I  am  indebted  for  references  and  specimens, 
says,  these  boulders,  though  uncommon,  are  still  in  the 
aggregate  numerous,  and  remarks  that  all  he  has  seen  agree 
in  mineralogical  characters. 

In  the  Geology  of  Ohio,  Vol.  5,  it  is  stated  "  that  a 
boulder  of  metamorphic  sandstone,  apparently  derived  from 
the  Cambrian  rocks  of  the  Appalachian  border  to  the 
southwards,  was  taken  from  the  thick  coal  at  Shawnee,  just 
above  the  second  slate. 

The  coal  was  normal  in  all  respects  above  it.  The  boulder 
weighs  not  less  than  2001bs.  The  surface  of  the  boulder 
appears  glaciated,  and  ice  transport  woidd  seem  almost  a 
necessity  for  such  a  block." 

In  the  Report  of  Progress,  Ohio  Geological  Survey  for 
1870,  Professor  Andrew  gives  the  following  account  of  a 
quartzite  boulder,  found  partly  imbedded  in  the  Zaleski 
coal:  "The  boulder  was  worn  and  smoothed  by  friction 
before  it  came  into    the   coal.     Such    boulders    are    not 
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infrequently  met  in,  and  immediately  above,  the  ooaL  One 
of  the  miners  states  that  in  a  few  eases  he  had  found  a 
number  together,  sometimes  8  or  10,  in  the  coal,  and 
that  single  ones  are  often  found. 

One  of  these  is  a  gray  quartzite,  compact  and  firm,  wdl 
polished  externally.  Some  of  them  are  found  entireljr 
bedded  in  coal,  but  more  occur  in  the  shales  immediate^ 
above  the  coal,  but  so  dose  that  they  come  down  when  the 
coal  is  taken." 

Another  boulder  is  mentioned  from  the  Zaleski  coal,  u 
follows : — "  Very  hard  gray  quartzite,  rounded  and  worn  hj 
friction  before  coming  into  the  coal,  in  which  it  was  foond 
half  imbedded,  and  the  other  half  in  the  overlying  shale." 

The  dimensions  are  given  as  being  not  far  from  17  inches 
in  the  longer  diameter,  and  12  inches  in  the  shorter. 

From  the  same  scam  in  Perry  County  a  boulder  of  gray 
quartzite  weighing  not  less  than  4001bs.  was  taken.  It 
rested  on  the  main  parting. 

So  far  as  I  can  learn  these  American  boulders  appear  to 
be  confined  to  a  special  horizon  in  the  Ohio  coalfield,  that  of 
the  Middle  Eitanning  coal. 

The  boulders  specially  referred  to,  come  from  two  localities 
30  or  more  miles  apart,  and  the  exceptional  character  of  these 
coal  measures,  as  containing  erratics,  has  been  used  to  enforce 
the  claim  of  the  disputed  identity  of  the  two  coalfields. 

I  have,  by  the  kindness  of  Professor  Orton,  specimens  of 
three  of  these  gray  quartzite  boulders  from  the  Eitanning 
coal  of  Shawnee  and  Zaleski,  and  from  their  similaritv  to 
each  other  and  to  our  Lancashire  boulders,  they  are  parti- 
cularly interesting  and  remarkable. 

I  have  had  thin  sections  prepared  of  these  Ohio  boulders, 
as  well  as  of  some  of  our  Lancashire  ones ;  they  have  been 
submitted  to  Professor  Bonney,  who  has  most  obligingly 
examined  them  and  remarked  upon  them. 
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Without  going  into  the  details  of  the  mineralogical  com- 
position given  in  his  notes,  I  may  say  that  he  classes  four  of 
ihe  boulders  from  the  Roger  mine,  Dukinfield,  as  ordinary 
hard  grits,  rather  earthy,  or  ferruginous.  They  have  a 
"dirty"  appearance  under  the  microscope,  and  Professor 
Bonney  says  '*  are  composed  of  more  or  less  subangular  frag- 
ments of  quartz,  very  variable  in  size,  which  from  their 
occasional  mineral  enclosures  I  should  suspect  came  from 
old  granitoid  rocks,  probably  some  Palaeozoic  grit." 

Of  the  sections  from  the  American  boulders  of  the  Ohio 
coalfield.  Professor  Bonney  writes  that  they  have  the  same 
general  characters  as  the  Dukinfield  boulders,  but  a  little 
more  distinctly  cemented  by  secondary  quartz. 

Of  one,  which  he  states  might  be  better  called  a  Quartzite, 
he  says,  "  some  of  the  grains  are  rather  weU  rounded,  con- 
tains a  grain  or  two  of  tourmaline  ;  it  rather  reminds  him  of 
some  specimens  of  coal  boulders  he  had  seen  from  Leicester- 
Bhire,  Staffordshire,  and  elsewhere." 

Summing  up.  Professor  Bonney  says,  **  Of  these,  most 
tell  us  nothing  beyond  the  fact  that  they  are  no  doubt 
Palaeozoic  rocks,  and  have  probably  derived  their  materials 
from  old  granitoid  rocks. 

"  The  *  granite '  specimen,  he  says,  is  interesting,  it  is  a 
rock  more  ancient  than  the  carboniferous,  and  the  rounded 
inclusions  of  quartz  in  the  felspar  is  a  thing  which  is  specially 
common  to  the  granitoid  rocks  of  the  Hebridean  series  of 
Britain  and  the  Laurentian  of  America. 

"  But  of  course,  I  cannot  assert  it  is  Hebridean,  only  it 
reminds  me  of  Hebridean." 

From  the  foregoing  facts  you  will  gather  that  the  pre- 
sence of  these  foreign  boulders  in  coal  seams  opens  out 
several  interesting  enquiries. 

The  two  main  questions  are,  as  previously  pointed  out : 
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Whence  did  they  come,  and  by   what  means  were  thejr 
brought  into  their  present  position? 

Many  suggestions  have  been  hazarded  and  theoriei 
broached  to  answer  these  questions,  but  none,  as  yet,  folly 
accounts  for  all  the  phenomena  connected  with  these  boulders 

We  have  seen  that  they  are  not  confined  to  our  own  little 
island,  but  are  found  under  exactly  similar  conditions  in 
Europe  and  North  America.  So  whatever  the  agent  of 
transport  was,  whether  water  or  ice,  it  was  evidently  active 
over  a  large  part  of  the  Northern  Hemisphere. 

The  similarity  and  almost  identity  of  the  mineralogicsl 
composition  of  the  American  boulders  with  many  of  our 
English  ones,  is  very  remarkable,  coming  as  they  do  from 
areas  so  widely  separated  as  are  our  own  shores  from  those 
of  America. 

These  boulders  are  evidently  older  than  any  rocks  of  the 
Carboniferous  period,  but  whether  they  are  fragments  of 
some  ancient  continent  of  Cambrian  or  ArchaDan  age  has 
yet  to  be  decided. 

As  to  the  mode  of  deposition  of  these  boulders  in  the 
seams  of  coal,  many  objections  surround  the  theory  of  trans- 
port by  driftwood  or  by  currents  of  water,  seeing  the  great 
size  of  some  of  these  blocks,  and  the  total  absence  of  any 
associated  clays  or  sands. 

Transport  by  ice>  floating  icebergs  in  a  summer  sea,  would 
perhaps  explain  better  than  any  other  theory,  their  position 
and  often  isolation,  in  strata,  which  indicate  quiet  deposition, 
and  which  are  singularly  free  from  any  admixture  of 
extraneous  matter. 

When  one  examines  the  composition  of  the  rock  forming 
the  roof  of  these  coal  seams,  we  find  it  to  consist  as  a  rule 
of  fine  sediments,  such  as  might  be  deposited  by  a  gently 
flowing  stream,  whose  force  would  be  utterly  unable  to 
transport  such  heavy  burdens  as  these  boulders. 


421 

Tet  we  find  these  boulders  dropped  here  and  there, 
evidently  by  some  abnormal  or  exceptional  agency,  which 
does  not  appear  to  have  disturbed  or  arrested  the  continued 
increase  or  deposition  of  these  fine  muds. 

We  know  that  rain  storms  of  unusual  severity  in  moun- 
tainous regions  are  able  to  displace  and  move  large  stones  or 
masses  of  rock  to  a  considerable  distance,  also  that  icebergs 
often  act  as  carriers  of  such  like  freight,  hence  we  seek  in 
some  such  agencies  as  these  the  solution  of  the  question 
under  consideration 

We  have  seen  that  these  boulders  have  a  wide  distribution 
in  space,  but  in  time  they  seem  to  be  limited  to  periodic 
appearances  only  (so  far  as  our  present  knowledge  goes) — ^a 
supposition  which  appears  to  be  supported  by  the  records  of 
their  occurrence  in  the  Lancashire  coal  seams. 

In  the  Lower  Goal-Measures  Series  of  Lancashire,  in  the 
Oannister  Coal,  we  find  the  occasional  appearance  of  a  far- 
travelled  boulder,  such  as  the  granite  ones  referred  to,  and 
then  no  evidence  of  their  occurrence  during  the  long  lapse 
of  time  represented  by  the  interval  between  the  Gannister 
Coal  and  the  Arley  Mine,  a  distance  in  vertical  thickness 
now  represented  by  300  to  350  yards  of  strata. 

Then  we  have  their  appearance  in  the  Arley,  the 
base  of  the  Middle  Coal-Measures,  in  which  the 
boulders  are  mostly  small,  mere  pebbles  in  many  cases,  and 
then  again,  still  later  in  time,  and  higher  in  the  series  (a 
period  whose  duration  is  measured  by  the  thickness  of  300 
to  350  yards  of  intervening  strata),  we  have  the  Trencher- 
bone  Seams,  which  have  yielded  these  boulders  in  greater 
number  and  size  than  any  other  of  our  Lancashire  coal 
fleams. 

A  long  break  now  intervenes  until  we  arrive  at  some- 
where near  the  top  of  the  Middle  series  of  Lancashire  (whose 
whole  thickness  is  estimated  at  975  yards  from  the  Arley 
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Mine  to  the  Worsley  4  feet  coal),  where  we  have  the  Roger 
coal  of  Astley,  Dukinfield,  which,  though  not  thorougUy 
identified  with  the  Shuttle  and  Crumbouke  4  feet  of  Pendk- 
ton,  Mr.  J.  Dickinson,  H.M.  Chief  Inspector  of  Minea, 
thinks  they  do  correlate,  as  also  with  the  Upper  3  yard  of 
Radcliffe,  in  all  of  which  boulders  have  been  found. 

Professor  CroU  in  his  "  Climate  and  Time  "  suggests  tliat 
the  Carboniferous  flora  was  the  growth  of  one  of  those 
assumed  interglacial  stages,  recurrent  during  all  geological 
time,  and  that  during  the  intervening  cold  periods,  repre- 
sented, I  presume,  by  the  grits  and  sandstones,  we  had 
the  most  favourable  conditions  for  entombing  and  preserving 
the  vegetable  life  of  the  epoch. 

But  an  objection  to  this  theory  is,  there  is  nothing  in  the 
character  of  the  vegetation  during  the  whole  of  the  long 
period  embraced  by  the  Coal  Measures  to  support  the 
argument. 

The  flora  is  identical  in  character  and  indicates  no 
change  of  climate  during  the  milleniums  of  milleniums 
represented  by  the  thousands  of  feet  of  thickness  of  the  Coal 
Measure  rocks. 

Such  are  some  of  the  unsolved  problems  represented  by 
these  boulders,  and  nothing  but  a  careful  accumulation  of 
facts  with  regard  to  them,  such  as  a  microscopical  examina- 
tion of  their  lithological  characters  and  mineral  constituents— 
their  comparison  with  similar  rocks  in  situ, — observation  of 
their  mode  of  occurrence  and  distribution  in  the  Coal 
Measures, — will  help  to  unravel  their  mysterious  history. 


Professor  Boyd  Daw-kins  said :  At  this  time  of  the 
evening  I  cannot  say  more  than  a  few  words  upon  the 
subject  before  the  meeting.  It  seems  to  me  that  the  ice 
theory  is  a  theory  which  would  hardly  account  for  the 
problem  of  the  existence  of  these  stones  in  the  Carboniferous 
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strata.  For  us  to  imagine  that  there  were  fleets  of  icebergs 
careering  over  this  country  during  the  time  when  those 
wonderful  carboniferous  forests  were  flourishing,  seems  to 
me  altogether  a  mistake  and  quite  impossible.  The  vegeta- 
tion is  that  of  a  warm  climate.  But  we  have  evidence,  other 
tiian  that  offered  by  the  trees  of  the  carboniferous  age,  with 
regard  to  the  climate,  in  the  enormous  spiders  like  the  tree- 
spiders  of  Brazil,  and  scorpions,  also,  widely  spread  in  the 
continental  deposits — and  they  have  been  found  also  in 
^England  and  in  America — it  seems  to  me  the  ice  theory 
would  hardly  accoimt  for  the  transport  of  these  big  stones. 
On  the  other  hand  it  is  imdoubtedly  very  difficult  to  suppose 
conditions  under  which  stones  weighing  many  hundred- 
weights could  be  carried  in  the  roots  of  trees ;  but  when  I 
read  of  the  enormous  blocks  of  vegetable  material  which 
sometimes  accumulate  in  the  lower  regions  of  the  Mississippi, 
it  is  just  conceivable  that  by  some  accident,  one  of  these 
blocks  might  have  got  a  groimd  close  to  one  of  the  blufFs  at 
the  bend  of  a  stream,  and  that  blufE  may  happen  to  have 
been  composed  of  large  masses  of  stone — I  can  quite  suppose 
that,  in  like  manner,  large  stones  may  have  been  conveyed 
very  considerable  distances.  With  regard  to  the  local 
distribution  of  these  foreign  materials,  I  would  first  point 
out  that  they  are  not  only  found  in  the  shales,  and  in  the 
coal,  but  with  other  foreign  materials  they  occur  also — 
umnistakeably  so— in  the  sandstones.  For  instance,  in  the 
red  rock  in  the  neighbourhood  of  Bacup,  garnets  have  been 
discovered ;  and  I  take  it,  therefore,  the  whole  sum  and 
substance  of  the  evidence  they  present,  as  regards  the  source 
from  which  they  were  derived,  is  that  these  fragments  of 
granite,  quartzite  and  the  like,  came  from  some  area  in  the 
North.  It  may  be  the  area  of  Southern  Scotland,  but  more 
probably  it  was  the  area  of  the  Highlands,  or  a  continuation 
of  that  area  which,  for  a  long  period  in  geological  history. 
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Manchester  Geological  Society  had  for  its  object  the  furthCT- 
anee  of  the  true  interests  of  mining  and  geology  and  kneir 
nothing  of  party  politic?.  I  was  able  to  assure  hiwi,  as  I 
now  a*?uie  this  meeting,  that  there  wiU  be  no  infringment 
of  that  regulation  on  my  part,  and  I  shall  endeavour  suceeas- 
fully.  as  I  believe,  to  express  my  views  without  a  tinge  of 
partisanship.  I  know  no  better  way  to  prevent  such  ques- 
tions becoming  of  a  party  character  than  by  eminent  neutral 
organisations  like  mining  institutes  taking  them  in  hand. 

Mixing  Questions  are  National  Questions. 

It  need  not  be  contended  at  a  meeting  in  which  mining 
interests  are  so  largely  represented  that  anything  which 
vitally  affects  the  mining  industry  is  a  national  question. 
There  are  no  means  of  ascertaining  with  aecuracv,  at  any 
rate  none  at  my  command,  the  amount  of  capital  invested 
at  the  present  time  in  the  United  Kingdom ;  probably  I  am 
not  over  estimating  in  fixing  the  amount  at  one  hundred 
millions  sterling.  We  do  know  from  the  statistics  now  so 
carefully  prepared  each  year  and  published  under  Gtevem- 
ment  authority,  that  the  number  of  persons  emploved  in 
and  about  our  coal  and  metalliferous  mines  is  about  six 
hundred  thousand.  The  position  industrially  which  England 
has  made  among  the  nations  of  the  earth  has  been  by 
reason  of  and  depends  on  the  continuance  of  her  vast 
mineral  resources.  These,  once  the  property  of  the  nation, 
have  been  lost  through  lack  of  knowledge  that  they  existed, 
or  by  carelessness  on  the  part  of  our  State  authorities.  A 
correspondent  in  Scotland  sends  me  a  Scottish  newspaper  of 
very  recent  date*  containing  a  letter  headed  "  The  Law 
Appertaining  to  Mines  and  Minerals.'*  The  writer  of  that 
letter  makes  reference  to  "  The  Act  concerning  the  Mines," 
passed  in  1592,  under  James  VI.,  dealing  with  the  mines, 

*The  Seottish  Leader,  20th  February,  18S8. 
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then  stones  were  brought  over  and  dropped  upon  that  lower 
deposit.  It  seems  to  me  very  unlikely  that  the  quiet  settling 
of  a  boulder  would  cause  it  to  go  very  far  into  the  vegetable 
matter — certainly  not  to  a  depth  of  two  or  three  feet.  If 
the  coal  in  which  the  boulders  are  said  to  have  been  found 
embedded  is  one  homogeneous  seam,  deposited  without 
interruption,  then  these  stones  have  penetrated  further  than  I 
should  have  expected.  On  the  Arley  Mine  at  Burnley  I  have 
found  deposits  of  small  pebbles,  without  any  intermixture  of 
large  stones,  the  majority  of  them  being  not  any  bigger  than 
horse-beans.  It  has  been  suggested  that  the  large  stones  are 
mere  concretions.  Such  a  theory  could  only  apply  to  the 
rounded  ones.  It  is  entirely  disposed  of,  in  my  judgment, 
by  the  presence  of  the  angular  ones.  As  to  the  mode  of 
transport  of  these  stones  I  have  formed  no  positive  judg- 
ment at  present,  and  rather  attribute  it  to  floating  ice. 

Mr.  Radcliffe  pointed  to  the  difference  in  structui*e 
between  one  of  the  boulders  from  the  Trencherbone  mine 
and  another — the  one  being  quartzite  and  the  other  a  much 
purer  quartz.  As  to  the  origin  of  these  boulders,  he  said 
the  question  was  beset  with  difficulties.  In  the  case  of  a 
deposit  in  his  own  neighbourhood  he  had  observed  a  number 
of  grooves  which  ran  pretty  nearly  parallel  to  the  line  of 
boulders,  and  he  was  disposed  to  think  that  between  those 
grooves — which  extended  from  the  roof  down  into  the  coal 
something  like  18  inches  or  2  feet,  and  varied  in  width  from 
18  inches  to  3  feet  6  inches,  and  in  length  from  4  to  500 
yards — and  the  boulder  deposit,  there  was  some  possible 
connection. 

The  President  said :  From  the  way  in  which  Professor 
Dawkins  disposed  of  the  theory  as  to  ice  transport,  the 
cautious  way  in  which  Mr.  Wild  reserved  his  opinion,  and 
the  clear  way  in  which  Mr.  Radcliffe  has  described  these 
groovings  and  their  possible  connection  with   the  boulder 
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miiTitaiTihig  one-tenth  of  the  popoUtioii,  bat  is  Mnoditrf 
in  the  dorast  degree  widi  as  manT  moire  of  tlie  popaktiai 
who  are  engaged  in  the  iitm  and  steel  and   engineering 
industries ;  and  in  a  seoondaiy  degree  with  oar  engines  oa 
land  and  oar  ships  on  the  sea,  and  oar  namberless  mamh 
hcvares.    Whilst  relief  to  mining  relieves  and  encoungei 
the   kindred    indastries,  hardens    upon    miniwig  Ii^tb  an 
injorioos  inflnenoe  upon  all  with  which  it  is  connected. 
GoyDinox  OF  MivivG  m  the  United  Kc^odom. 
What  is  the  condition  at  the  present  time,  and  what  has 
been  the  condition  for  many  years  past  of  mining  and  kindred 
industries  in  England  ?    I  have  the  honour  of  addieaaing 
those  who  know,  and  who  can  correct  me  if  I  am  wrong. 
The  records  of  half  a  generation  are  most  melancholy,  and 
balance  sheets  are  sad  and  sorrowful  documents.     I  haTe  had 
before   me   whilst    writing   this   paper  the  latest   finftTiciftl 
statements  of  three  of  the  most  important  mining'  companies 
in  the  United  Kingdom,  and  representing  a  combined  capital 
of  several  millions  sterling.     Two  of  the  concerns  made  a 
few  thousand  pounds  of  profit,  but,  placing  the  three  state* 
ment-s  together,  the  net  result  is  an  actual  loss.     Wages  are 
low,  and  I  should  certainly  be  exceedingly  sorrj'  if  it  should 
be  found  necessarj-  to  make  still  further  reductions  in  the 
remuneration  of  a  dangerous  occupation  which  is  entitled  to 
reasonably  good  pay.     There  are  some  collieries  jnelding  a 
profit,  but  there  are  at  least  as  many  working  at  an  absolute 
loss ;  and  I  believe  that,  taking  all  the  collieries  and  mines 
of  the  United  Kingdom,  and  making  suflScient  allowances 
for  depreciation,  verj-  little  indeed  of  profit  is  being  made  to 
those  who  have  invested  their  capital.     Mr.  Alfred  Hewlett, 
the  managing  director  of  the  Wigan  Coal  and  Iron  Company 
and  who  is  an  authority  upon  mining  matters  second  to  none 
in  England,  in  the  course  of  his  eWdence  before  the  Royal 
Commission  on  the  depression  in  trade,  which  we  shall  have 
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I    feel     quite    confident     they    are — got    into    the    coal 
seams  is  one   very  difficult  to   answer.     I  do  not  think 
we  have  yet  arrived  at  a  sufficient  knowledge  of  these  things 
to  be  able  to  give  any  explanation  that  will  cover  all  the 
difficidties  which  present  themselves.     To  call  these  speci- 
mens of  rocks  concretions,  adds  nothing  to  our  knowledge, 
and  I  would  like  to  ask  the  President  how,  on  his  hypothesis, 
he  would  account  for  their  special  characters  and  mineral 
constitution,  as  they   differ  totally  from  these  imdoubted 
concretions  which  are  met  with  from  time  to  time  in  coal, 
chalk,  and  other  rocks.     The  very  diversity  of  composition 
of  the  boulders,   which  I   have   cited,   from  the  Austro- 
Silesian   coal   field,  where  the  individual  boulders  are  not 
so   much   alike   as   we  have   them   here,  for    they    have 
Ghranites,    Gbieisses,    Quartz-Porphyries   and    other    rocks 
equally  distinct,  is  a  fact  which  tells  against    the   con- 
cretionary hypothesis.    The  German  geologists,  moreover, 
have    had    sections    made  of    the    boulders   taken   under 
precisely  similar  conditions  to  our  own,  and  have  examined 
ihem  microscopically.     They  find  that  they  are  composed  of 
a  certain  number  of  minerals ;  and  they  can  go  to  the  rocks 
— ^those  ancient  crystalline  rocks  of  Bohemia — and  tell  you 
from  an  examination  of  the  rock  in  situ  that  it  is  exceedingly 
probable  that  such  and  such  a  specimen  came  from  that 
moxmtain  range.     Its  exact  source,  of  course,  it  is  impossible 
to  tell ;  but  there  is   such   a  correspondence  between  the 
boulder  taken   out  of    the   coal   and   a  special   range    of 
mountains   of    well-known    petrological   character   that   it 
seems  to  me,   you  cannot  really,   in   such   cases   as  that, 
consider   them    to    be    concretions.     You    can    trace    the 
path  of  the  boulders,  almost  step  by  step,  across  the  plain 
from  those  ancient  mountains  which  possibly  stood  much 
higher  at  the  time  when  the  coal  measures  were  deposited 
than  they  do  now.     It  seems  to  me  to  be  a  case  of  closing 
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the  eyes  to  such  welcome  light  aa  is  thrown  upon  then 
questioiis  by  the  aid  of  the  microaoope — ^ihe  efficiency  <xf 
whose  asaistance  in  a  aolution  of  this  question  cannot  be 
ignored.  The  obscurity  that  surrounds  the  place  of  origin 
of  these  boulders  also  envelopes  the  question  of  their  mode 
of  transport.  As  to  the  drift-wood  theory  of  transportation 
I  think  it  is  not  an  improbable  one,  although  we  lack  dtti 
as  to  the  capacity  of  drift-wood  to  bear  such  heavy  loads  u 
the  masses  of  rock  I  have  mentioned.  There  may  have  been 
storms  whose  magnitude  and  power  we  cannot  now  gauge; 
and  the  circumstances  mentioned  by  Mr.  Ratoliffe  of  groor- 
ings  in  the  coal  in  his  district,  along  the  line  of  the  boulder 
deposit,  very  probably  had,  as  he  suggests,  some  connection 
with  that  deposit,  although  in  the  majority  of  cases  no  ench 
signs  of  disturbance  either  in  the  coal  or  shale  are  visible. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pakt  XVII.  Vol.  XIX.  Session  1887-8. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  March  6th,  1888,  at  the  Rooms  of  the  Manchester 
Literary  and  Philosophical  Society,  George  Street. 

The  President,  Mr.  Joseph  Dickinson,  F.G.S., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  unani- 
mously elected  Ordinary  Members  of  the  Society,  namely : — 

Mr.  S.  A.  Oli\^r,  King  Street,  Wigan. 

Mr.  Oswald  Walmesley,  Westwood  House,  near  Wigan. 


THE    GRANITE    OF    THE    MULLET,  IRELAND. 

Mr.  Charles  Hardwick  exhibited  a  picture,  in  black 
and  white,  of  the  laminated  granite  rocks  of  Mullet  Head, 
in  the  West  of  Ireland,  together  with  specimens  of  the  rock. 
He  said  that  Mr.  Robert  PoUitt,  the  artist,  in  the  course  of 
a  tour  in  the  West  of  Ireland,  came  upon  the  rocks  in 
question,  and  was  so  interested  in  their  peculiar  structure, 
that  he  made  the  sketch  now  exhibited,  and  also  brought 
away  the  rock  specimens.  These  he  had  handed  to  him 
(Mr.  Hardwick)  in  the  hope  that  they  might  interest  the 

24 
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members  of  the  Geological  Society,  and  he  presented  the 
sketch  and  also  the  specimens,  to  be  placed  in  the  Museun 
at  Owens  College,  if  it  was  thought  fit  so  to  dispose  of  them 
Mr.  Hardwick  then   read  the   following  note  on  the 
Termon  Granite  in  Mayo,  Ireland,  by  Mr.  Robert  Pollitt:— 
The  accompanying  specimens  of  granite  are  from  a  hill, 
composed  entirely  of  it,  at  the  south-eastern  extremity  of 
'*  The  Mullet,"  a  peninsula  in  the  Ooimty  Mayo,  Ireland. 
The  rock  lies  in  layers  of  varying  thickness,  from  a  few 
inches  up  to  from  three  to  four  feet,  intersected  by  longita- 
dinal  vertical  joints  at  various  distances,  from  two  feet  up  to 
seven  or  eight  feet,  and  by  other  vertical  rectangxdar  joints 
occurring  at  distances  up  to  40  feet,  so  that  the  entire  mass 
is  practically  divided  into  fairly  rectangular  blocks  of  all 
sizes  and  proportions. 

It  is  mainly  composed  of  felspar,  quartz,  and  (black) 
mica.  And  the  colour  varies  from  red  on  the  northern  side, 
to  grey  on  the  southern  side ;  the  central  part  of  the  hill 
being  of  a  colour  composed  of  both — an  intermediate  tint 

The  President  said  he  imderstood  that  some  of  the 
members  were  acquainted  with  the  locality  referred  to. 
Perhaps  they  would  say  something  in  reference  to  the 
communication. 

Mr.  HoLLiNOwoRTH  (Hou.  Sec.)  said  that  Mr.  Burnett 
visited  the  West  of  Ireland  about  eighteen  months  ago,  at 
the  same  time  that  he  (Mr.  Hollingworth)  did,  and  he 
understood  that  that  gentleman  had  intended  writing  a 
description  of  the  peculiar  granite  formation  of  The 
Mullet.  The  rock  was  really  wonderful.  The  granite 
was  in  layers,  some  of  them  not  more  than  three  or  four 
inches  thick,  whilst  others  were  said  to  be  nearly  four  feet; 
he,  however,  saw  none  of  a  greater  thickness  than  3  feet. 
It  was  divided  by  vertical  or  nearly  vertical  joints.    The 

• 

stone  was  cut  into  blocks  ready  for  use,  and  the  quarrying 


441 

inflation  soon  came  to  an  end ;  we  had  taught  our  customers 
a  lesson — they  became  our  competitors  and  commenced  a 
development  of  their  several  resources,  which  development 
has  gone  on  with  increasing  force  ever  since,  and,  so  far 
from  having  spent  itself,  that  competition  in  the  future  will 
be  even  keener  tl^an  in  the  past.  We  have  already  men- 
tioned that  in  1854  England  made  as  much  iron  as  all  the 
rest  of  the  world  combined.  Even  in  1874,  towards  the  end  of 
our  brief  period  of  inflation,  England's  production  of  pig 
iron  was  nearly  half  the  production  of  the  world,  the  exact 
figures  being  forty-seven  per  cent.  Now,  taking  last  year 
as  a  basis,  we  only  produce  only  one-third  of  the  total  pro- 
duction of  pig  iron.  Of  manufactured  iron  we  produce 
one-fourth  of  the  total  production.  Of  steel  in  all  its 
branches  we  produce  only  one-third  of  the  total  production. 
And,  taking  as  a  very  remarkable  illustration  the  now 
popular  method  of  manufacturing  steel  by  the  basic  process, 
the  invention  of  eminent  Englishmen.  This  method  of 
manufacture  commenced  ten  years  ago,  and  has  now  grown 
to  1,377,000  tons  annually,  of  which  we  in  England,  the 
country  of  its  invention,  and  the  foremost  iron  and  steel 
nation  of  the  world,  only  produce  one-fifth,  that  is,  for  every 
ton  of  basic  steel  which  England  makes,  other  countries 
make  four  tons.  The  prosperous  period  gave  an  impetus  to 
social  legislation,  mines  Acts,  and  mines  amendment  Acts 
followed  each  other,  increasing,  and  substantially  too,  the 
price  of  coal  getting.  I  have  endeavoured  to  arrive  at  what 
actual  burden  has  been  imposed  by  mines  Acts  including 
1872  and  1887.  It  was  stated  before  the  Royal  Commission 
that  ironmasters  in  Scotland  charged  it  with  between  three 
and  four  shillings  on  a  ton  of  pig  iron,  but  this  was  evidently 
an  exaggeration.  Mr.  Hewlett  in  his  evidence  said  that 
unfortunately  every  Act  of  Parliament  relating  to  mining 
had  increased  the  cost  of  working,  and  he  estimated  the 
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shown  on  Plate  3,  attaclied  to  his  paper.     (See  Pari  XTZT., 
Vol  19.) 

Mr.  Simpson  had  also  been  good  enough  to  send  a  copy  ol 
one  of  Mr.  Hall's  reports  or  memoranda  having  reference 
more  particularly  to  the  iron  ore  found  in  that  part  of  tlie 
field  covered  by  Plate  lY.  It  will  be  seen  from  the  section 
exhibited  that  the  beds  are  of  considerable  thickness.  It 
would  have  been  interesting  to  have  given  the  report  in  full, 
if  we  had  had  the  samples  to  which  it  refers,  but  the  refe^ 
enoe  to  natural  coke  may  throw  some  light  upon  the  manner 
of  the  formation  of  that  peculiar  mineral  which  passes  with- 
out any  trace  of  a  fault  into  a  bed  of  soft  black  clay.  The 
report  says,  ''  The  total  depth  of  the  shaft  from  which  the 
"  ore  was  taken  is  30  feet,  viz. : — 

Ft.    in. 

First  bed       9  0 

Parting 0  2 

Second  bed 17  0 

Soft  black  clay 4  0 

30     2 

''  The  soft  black  clay  under  the  ironstone  bed  in  this  shaft 
''  is  changed  into  a  natural  coke  in  a  shaft  15  yards  to  the 
''  east  or  rise  side  of  the  strata,  as  per  sketch." 

It  might  have  been  mentioned  in  the  paper  that  where 
coal  is  worked  under  royalty  (which  is  very  seldom  in  this 
field)  the  royalty  is  15  cents  (7Jd.)  per  ton  on  every  2000  Ibe. 
sold.  The  value  of  the  freehold,  including  minerals  is  (where 
the  coal  is  not  actually  opened)  from  £2  to  £3  per  acre. 

The  freight  by  ship  from  Bermuda  Hundred  to  Boston  ifl 
from  48.  to  78.  per  ton,  according  to  freights.  The  GFrand 
Trunk  Railway  of  Canada  drew  the  coal  for  use  on  its  New 
England  section  from  this  field,  and  four  years  ago  the 
freight  from  Bermuda  Hundred  to  Portland  Maine  on  such 
€oal  was  SI '75  (7s.)  per  ton. 
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Mr.  HoLLiNOWORTH  asked  if  the  ''  coke/'  so  called,  did 
not  change  into  coal. 

Mr.  Clifford  :  No ;  we  trace  it  down  into  a  seam  of  clay^ 
as  represented  in  that  diagram.  Between  the  two  there  is 
no  intermediate  state. 


MINE    RENTS  AND   MINERAL    ROYALTIES. 
By  Mr.  C.  M.  Percy,  M.E.,  F.G.S. 


Some  preliminary  statement  is  necessary  to  explain  why  I 
should  have  undertaken  to  prepare  a  paper  on 

"Mine  Rents  and  Mineral  Royalties" 

[by  the  term  mine  rents  we  mean  fixed  rents,  by  the  term 
mineral  royalties  we  mean  payment  per  ton]  to  be  read  at 
the  meeting  of  so  important  a  mining  and  geological  insti- 
tute, whose  members  are  probably  nearly  all  in  a  position  to 
know  more  of  the  subject  than  I  do.  The  duty  would  certainly 
never  have  been  volunteered  by  me,  but  I  was  pressingly 
invited  by  my  friend,  your  excellent  President,  Mr.  Joseph 
Dickinson,  F.G.S.,  and  H.M.  Senior  Inspector  of  Mines,  and 
who  after  half  a  century  of  pubKc  mining  life  I  congratulate 
on  his  occupying  the  Presidential  chair  in  your  year  of 
jubilee.  I  was  also  encouraged  to  accept  Mr.  Dickinson's 
invitation  by  other  eminent  friends  much  engaged  in  mining 
matters,  on  whose  advice  I  am  able  to  rely.  I  have  no 
expectation  of  being  able  to  deal  at  all  exhaustively  with  so 
important  a  subject,  but  shall  be  well  content  to  open 
what  may  prove  to  be  a  useful  discussion,  and  this  should 
not  be  difficult,  because  in  the  Manchester  Geological 
Society  you  have  eminent  men  identified  with  mine  lessors, 
mine  lessees,  and  men  like  our  inspectors  of  mines,  who  are 
identified  with  neither.  In  conveying  the  invitation  to  me 
your  President,   as  was  is   duty,   reminded  me   that   the 
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united  the  North  of  Scotland  with  the  Scandinamn 
Peninsula.  It  seems  to  me  we  must  look  in  that  directioii 
for  the  source  of  these  stones — ^that  is,  so  far  as  relates  to 
our  own  country.  With  regard  to  America,  I  would  point 
out  that  exactly  the  same  class  of  rock  is  found  in  the  same 
relative  position  to  the  places  where  these  stones  occur  in 
Britain ;  therefore  we  have,  practically,  the  same  conditions 
leading  probably  to  the  same  results.  None  of  these  stones 
shows  the  slightest  sign  of  glaciation,  as  far  as  I  have  been 
able  to  see.  The  great  majority  of  them  are  slickensided. 
When  a  stone  such  as  this  is  embedded  in  soft  shale,  or  coal, 
and  the  whole  is  squeezed  together,  then  you  haye  the 
phenomenon  of  slickensides  produced. 

Mr.  Wild,  who  was  called  upon  for  some  observations, 
said :  My  ideas  are  scarcely  matured  yet  with  respect  to 
these  boulders.  I  have  studied  the  subject  a  little,  but  I 
have  not  fully  satisfied  myself  as  to  the  manner  of  transport. 
That  they  are  erratic  boulders — washed  and  water- worn — I 
have  not  the  least  doubt ;  and  from  their  quartzite  character 
I  have  no  doubt  at  all  that  they  were  derived  from  the  older 
rocks.  I  believe,  from  the  condition  in  which  they  are 
found,  after  being  transported,  they  dropped  through  the 
water,  quietly  down  upon  the  submerged  vegetation  and  fish 
remains  at  the  bottom  ;  for  I  find  on  the  underside  of  many 
of  these  stones  what  is  evidently  a  thin  film  of  fish  remains  I 
and  there  is  also  evidence  of  its  having  been  pressed  down 
a  little  into  the  coal.  Some  of  these  stones  are  said  to  have 
been  found  at  the  bottom  or  in  the  middle  of  the  coal,  but 
this  I  very  much  question.  The  proper  position  of  these 
boulders  is  as  represented  in  Mr.  Woodward's  diagram,  at 
the  top  of  the  seam.  If  any  have  been  taken  from  the 
middle  of  the  coal,  I  think  in  those  cases  some  change  has 
taken  place  ;  there  may  have  been  a  thin  parting,  indicating 
a  distinct  bed  of  coal  which  may  have  got  under  water  and 
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then  stones  were  brought  over  and  dropped  upon  that  lower 
deposit.  It  seems  to  me  very  imlikely  that  the  quiet  settling 
of  a  boulder  would  cause  it  to  go  very  far  into  the  vegetable 
matter — certainly  not  to  a  depth  of  two  or  three  feet.  If 
the  coal  in  which  the  boulders  are  said  to  have  been  found 
embedded  is  one  homogeneous  seam,  deposited  without 
interruption,  then  these  stones  have  penetrated  further  than  I 
should  have  expected.  On  the  Arley  Mine  at  Burnley  I  have 
found  deposits  of  small  pebbles,  without  any  intermixture  of 
large  stones,  the  majority  of  them  being  not  any  bigger  than 
horse-beans.  It  has  been  suggested  that  the  large  stones  are 
mere  concretions.  Such  a  theory  could  only  apply  to  the 
rounded  ones.  It  is  entirely  disposed  of,  in  my  judgment, 
by  the  presence  of  the  angular  ones.  As  to  the  mode  of 
transport  of  these  stones  I  have  formed  no  positive  judg- 
ment at  present,  and  rather  attribute  it  to  floating  ice. 

Mr.  Radcliffe  pointed  to  the  difference  in  structui'e 
between  one  of  the  boulders  from  the  Trencherbone  mine 
and  another — the  one  being  quartzite  and  the  other  a  much 
purer  quartz.  As  to  the  origin  of  these  boulders,  he  said 
the  question  was  beset  with  difficulties.  In  the  case  of  a 
deposit  in  his  own  neighbourhood  he  had  observed  a  number 
of  grooves  which  ran  pretty  nearly  parallel  to  the  line  of 
boulders,  and  he  was  disposed  to  think  that  between  those 
grooves — which  extended  from  the  roof  down  into  the  coal 
something  like  18  inches  or  2  feet,  and  varied  in  width  from 
18  inches  to  3  feet  6  inches,  and  in  length  from  4  to  500 
yards — and  the  boulder  deposit,  there  was  some  possible 
connection. 

The  President  said  :  From  the  way  in  which  Professor 
Dawkins  disposed  of  the  theory  as  to  ice  transport,  the 
cautious  way  in  which  Mr.  Wild  reserved  his  opinion,  and 
the  clear  way  in  which  Mr.  Radcliffe  has  described  these 
groovings  and  their  possible  connection  with  the  boulder 
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deposit,  I  am  led  to  fancy  tliat  the  whole  question  is  begged 
by  calling  these  things  boulders.  Anyone  who  studies  the 
beautiful  stratification  that  is  met  with  in  the  coalfield  must 
see  that  there  has  been  no  such  interruption  as  this  intruded 
into  the  formation.  But  we  find  freaks  of  nature  oocuning 
from  the  top  of  the  highest  series  of  rocks  down  to  the  lowest. 
We  find  substances  which  have  taken  particular  shapes. 
The  law  of  crystallography  is  one  of  the  finest  laws  we 
know ;  in  fact  you  may  distinguish  many  minerals  by  the 
angle  of  their  crystal  alone.  But  all  matter  is  not  formed 
into  crystals.  The  flints  in  the  chalk  assume  a  variety  of 
forms.  In  the  coal  itself  you  have  aggregations  or  oon- 
cretions — generally  sulphur  in  some  form — and  you  can 
scarcely  go,  as  I  said,  to  any  formation,  from  the  highest  to 
the  lowest  without  finding  matter  assuming  some  particular 
shapes.  These,  I  believe,  to  be  simply  freaks  of  nature 
assuming  the  form  which  it  has  been  assigned  for  such 
matter  to  take.  When  Mr.  Binney  read  his  paper  on  these 
bodies,  I  ridiculed  the  idea  of  their  being  meteorites,  as 
he  supposed,  and  obtained  for  the  Society  a  sackfull  from 
the  Roger  mine  at  Dukinfield.  I  think  it  is  unfortunate 
that  aggregations  or  concretions  should  be  here  presented 
in  the  name  of  boulders.  I  should  no  more  expect  to  find 
a  boulder  in  the  middle  of  a  coal  seam  than  I  should  expect 
to  find  one  in  the  middle  of  a  cocoa-nut. 

Mr.  Stirrup  in  replying,  said,  I  am  sorry,  Mr.  President, 
that  I  cannot  agree  with  the  opinion  which  you  have  just 
expressed  as  to  those  substances  being  concretions,  or  in  any 
sense  of  a  concretionary  nature.  That  nature  has  her 
"  freaks "  is  undoubted,  if  by  "  freaks "  we  imderstand 
something  abnormal,  or  not  readily  explicable ;  that  there 
are  many  things  connected  with  the  formation  of  rocks, 
which  we  do  not  understand,  is  also  quite  certain,  and 
the    question    as    to    how    these    boulders — for    boulders 
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jI  quite  confident  they  are — got  into  tlie  coal 
is  one  very  difficult  to  answer.  I  do  not  think 
.ye  yet  arriyed  at  a  sufficient  knowledge  of  these  things 
able  to  giye  any  explanation  that  will  cover  all  the 
dties  which  present  themselves.  To  call  these  speci- 
of  rocks  concretions,  adds  nothing  to  our  knowledge, 

would  like  to  ask  the  President  how,  on  his  hypothesis, 
»uld  account  for  their  special  characters  and  mineral 
[tution,  as  they  differ  totally  from  these  undoubted 
etions  which  are  met  with  from  time  to  time  in  coal, 
,  and  other  rocks.  The  very  diversity  of  composition 
le  boulders,  which  I  have  cited,  from  the  Austro- 
an  coal  field,  where  the  individual  boulders  are  not 
uch  alike  as  we  have  them  here,  for  they  have 
ites.  Gneisses,  Quartz-Porphyries  and  other  rocks 
ly  distinct,  is  a  fact  which  tells  against  the  con- 
)nary  hypothesis.    The  German  geologists,  moreover, 

had    sections    made  of    the    boulders   taken   under 
sely  similar  conditions  to  our  own,  and  have  examined 

microscopically.  They  find  that  they  are  composed  of 
tain  number  of  minerals ;  and  they  can  go  to  the  rocks 
Dse  ancient  crystalline  rocks  of  Bohemia — and  tell  you 

an  examination  of  the  rock  in  situ  that  it  is  exceedingly 
Eible  that  such  and  such  a  specimen  came  from  that 
itain  range.  Its  exact  source,  of  course,  it  is  impossible 
3II ;  but  there  is  such  a  correspondence  between  the 
ier  taken  out  of  the  coal  and  a  special  range  of 
atains  of  well-known  petrological  character  that  it 
6  to  me,  you  cannot  really,  in  such  cases  as  that, 
ider    them    to    be    concretions.     You    can    trace    the 

of  the  boulders,  almost  step  by  step,  across  the  plain 
I  those  ancient  mountains  which  possibly  stood  much 
er  at  the  time  when  the  coal  measures  were  deposited 
.  they  do  now.     It  seems  to  me  to  be  a  case  of  closing 
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the  eyes  to  such  welcome  light  as  is  thrown  upon  thMe 
questions  by  the  aid  of  the  microscope-— the  efficiency  of 
whose  assistance  in  a  solution  of  this  question  cannot  be 
ignored.  The  obscurity  that  surrounds  the  place  of  origin 
of  these  boulders  also  euTelopes  the  question  of  their  mode 
of  transport.  As  to  the  drift-wood  theory  of  transportation 
I  think  it  is  not  an  improbable  one,  although  we  lack  data 
as  ta  the  capacity  of  drift-wood  to  bear  such  heavy  loads  m 
the  masses  of  rock  I  have  mentioned.  There  may  havebeffl 
storms  whose  magnitude  and  power  we  cannot  now  gauge; 
and  the  circumstances  mentioned  by  Mr.  Batoliffe  of  groor* 
ings  in  the  coal  in  his  district,  along  the  line  of  the  boulder 
deposit,  very  probably  had,  as  he  suggests,  some  connection 
with  that  deposit,  although  in  the  majority  of  cases  no  such 
signs  of  disturbance  either  in  the  coal  or  shale  are  visible. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pato  XVII.  Vol.  XIX.  Session  1887-8. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  March  6th,  1888,  at  the  Rooms  of  the  Manchester 
Literary  and  Philosophical  Society,  George  Street. 

The  President,  Mr.  Joseph  Dickinson,  F.G.S., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  imani- 
mously  elected  Ordinary  Members  of  the  Society,  namely : — 

Mr.  S.  A.  Oliver,  King  Street,  Wigan. 

Mr.  Oswald  Walmesley,  Westwood  House,  near  Wigan. 


THE    GRANITE    OF    THE    MULLET,  IRELAND. 

Mr.  Charles  Hardwick  exhibited  a  picture,  in  black 
and  white,  of  the  laminated  granite  rocks  of  Mullet  Head, 
in  the  West  of  Ireland,  together  with  specimens  of  the  rock. 
He  said  that  Mr.  Robert  Pollitt,  the  artist,  in  the  course  of 
a  tour  in  the  West  of  Ireland,  came  upon  the  rocks  in 
question,  and  was  so  interested  in  their  pecidiar  structure, 
that  he  made  the  sketch  now  exhibited,  and  also  brought 
away  the  rock  specimens.  These  he  had  handed  to  him 
(Mr.  Hardwick)  in  the  hope  that  they  might  interest  the 

24 


430 

members  of  the  Geological  Society,  and  he  presented  the 
sketch  and  also  the  specimens,  to  be  placed  in  the  Museum 
at  Owens  College,  if  it  was  thought  fit  so  to  dispose  of  tkeuL 
Mr.   Hardwick   then   read   the    following   note   on  the 
Termon  Granite  in  Mayo,  Ireland,  by  Mr.  Robert  PoUitt:— 
The  accompanying  specimens  of  granite  are  from  a  hill, 
composed  entirely  of  it,  at  the  south-eastern  extremity  of 
"  The  Mullet,"  a  peninsula  in  the  County  Mayo,  Ireland. 
The  rock  lies  in  layers  of  varying  thickness,  from  a  few 
inches  up  to  from  three  to  four  feet,  intersected  by  longitu- 
dinal vertical  joints  at  various  distances,  from  two  feet  up  to 
seven  or  eight  feet,  and  by  other  vertical  rectangular  joints 
occurring  at  distances  up  to  40  feet,  so  that  the  entire  mass 
is  practically  divided  into  fairly  rectangular  blocks  of  all 
sizes  and  proportions. 

It  is  mainly  composed  of  felspar,  quartz,  and  (black) 
mica.  And  the  colour  varies  from  red  on  the  northern  side, 
to  grey  on  the  southern  side ;  the  central  part  of  the  hill 
being  of  a  colour  composed  of  both — an  intermediate  tint 

The  President  said  he  understood  that  some  of  the 
members  were  acquainted  with  the  locality  referred  to. 
Perhaps  they  would  say  something  in  reference  to  the 
communication. 

Mr.  HoLLiNQWORTH  (Hou.  Sec.)  said  that  Mr.  Burnett 
visited  the  West  of  Ireland  about  eighteen  months  ago,  at 
the  same  time  that  he  (Mr.  Hollingworth)  did,  and  he 
understood  that  that  gentleman  had  intended  writing  » 
description  of  the  peculiar  granite  formation  of  The 
Mullet.  The  rock  was  really  wonderful.  The  granite 
was  in  layers,  some  of  them  not  more  than  three  or  four 
inches  thick,  whilst  others  were  said  to  be  nearly  four  feet; 
he,  however,  saw  none  of  a  greater  thickness  than  3  feet 
It  was  divided  by  vertical  or  nearly  vertical  joints.  The 
stone  was  cut  into  blocks  ready  for  use,  and  the  quarrymg 
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was  more  like  that  of  free  stone  than  anything  else. 
The  stone  varied  in  colour.  On  the  north-east  side  the 
prevailing  colour  was  red ;  in  the  centre  it  [was  a  salmon 
oolour ;  and  at  the  south-west  end  it  appeared  to  be  grey. 
The  specimens  brought  by  Mr.  FoUitt,  and  now  exhibited, 
were,  one  of  them  grey  and  another  of  salmon  colour. 
There  did  not  seem  to  be  any  of  the  red  rock.  Those 
exhibited,  however,  were  fair  specimens  of  what  the 
granite  was  like.  It  was  now  being  worked  to  a  small 
extent,  but  as  a  company  was  being  formed  for  working  it, 
it  was  likely  to  be  quarried  extensively.  The  rock  stretches 
into  the  sea  on  the  eastern  side,  but  is  cut  off  on  the  other 
sides  apparently  by  faults ;  all  the  rocks  of  the  district  are 
metamorphic. 

Mr.  SriRRtTP  (Hon.  Sec.)  moved  a  vote  of  thanks  to  Mr. 
Hardwick  for  his  commimication,  and  also  to  Mr.  Pollitt 
for  the  sketch  and  specimens  which  he  was  so  kind  as  to 
offer  for  the  Museum.  He  had  no  doubt  they  would  be 
thankfully  received  there. 

The  motion  was  seconded,  and  carried  unanimously. 


THE    RICHMOND    COAL-FIELD,  VIRGINIA. 


The  President  said  the  next  business  was  the  discussion 
of  the  paper  read  at  a  former  meeting  by  Mr.  William 
Clifford,  on  "the  Richmond  Coal-field,  Virginia."  The 
paper,  he  thought,  was  so  exhaustive  and  complete,  that  it 
hardly  admitted  of  much  discussion. 

Mr.  Clifford  said  he  had  little  to  add  to  the  information 
contained  in  his  paper,  but  through  the  kindness  of  Mr. 
John  B.  Simpson,  of  Blaydon-on-Tyne,  he  was  now  able  to 
show  the  section  exhibited  from  actual  sinking  in  one  of  the 
English  company's  shafts  at  Midlothian.  The  sinking 
referred  to  was  a  little  to  the  north  of  the  ''deep  shaft'' 
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shown  on  Plate  3,  attacked  to  his  paper.     (See  Part  Xin.^ 

Vol.  19.) 

Mr.  Simpson  had  also  been  good  enough  to  send  a  copy  ol 

one  of  Mr.  Hall's  reports  or  memoranda  having  reference 

more  particularly  to  the  iron  ore  f  oimd  in  that  part  of  the 

field  covered  by  Plate  lY.     It  will  be  seen  from  the  section 

exhibited  that  the  beds  are  of  considerable  thickness.    It 

would  have  been  interesting  to  have  given  the  report  in  fnH, 

if  we  had  had  the  samples  to  which  it  refers,  but  the  refe^ 

enoe  to  natural  coke  may  throw  some  light  upon  the  manner 

of  the  formation  of  that  peculiar  mineral  which  passes  witli- 

out  any  trace  of  a  fault  into  a  bed  of  soft  black  day.    The 

report  says,  ''  The  total  depth  of  the  shaft  from  which  the 

"  ore  was  taken  is  30  feet,  viz. : — 

Ft.  in. 

First  bed       9  0 

Parting 0  2 

Second  bed 17  0 

Soft  black  clay 4  0 

30     2 

"  The  soft  black  clay  under  the  ironstone  bed  in  this  shaft 
''  is  changed  into  a  natural  coke  in  a  shaft  15  yards  to  the 
**  east  or  rise  side  of  the  strata,  as  per  sketch.*' 

It  might  have  been  mentioned  in  the  paper  that  where 
coal  is  worked  under  royalty  (which  is  very  seldom  in  this 
field)  the  royalty  is  15  cents  (7Jd.)  per  ton  on  every  2000  Ibe. 
sold.  The  value  of  the  freehold,  including  minerals  is  (where 
the  coal  is  not  actually  opened)  from  £2  to  £3  per  acre. 

The  freight  by  ship  from  Bermuda  Himdred  to  Boston  ib 
from  4s.  to  7s.  per  ton,  according  to  freights.  The  Grand 
Trunk  Railway  of  Canada  drew  the  coal  for  use  on  its  New 
England  section  from  this  field,  and  four  years  ago  the 
freight  from  Bermuda  Himdred  to  Portland  Maine  on  such 
coal  was  SI  75  (7s.)  per  ton. 
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Mr.  HoLLiNOWORTH  asked  if  the  ''  coke,"  so  called,  did 
not  change  into  coal. 

Mr.  Clifford  :  No ;  we  trace  it  down  into  a  seam  of  clay, 
as  represented  in  that  diagram.  Between  the  two  there  is 
no  intermediate  state. 


MINE    RENTS  AND   MINERAL    ROYALTIES. 
By  Mr.  C.  M.  Percy,   M.E.,  F.G.S. 


Some  preliminary  statement  is  necessary  to  explain  why  I 
shoidd  have  undertaken  to  prepare  a  paper  on 

"Mine  Rents  and  Mineral  Royalties" 
[by  the  term  mine  rents  we  mean  fixed  rents,  by  the  term 
mineral  royalties  we  mean  payment  per  ton]  to  be  read  at 
the  meeting  of  so  important  a  mining  and  geological  insti- 
tute, whose  members  are  probably  nearly  all  in  a  position  to 
know  more  of  the  subject  than  I  do.  The  duty  would  certainly 
never  have  been  volunteered  by  me,  but  I  was  pressingly 
invited  by  my  friend,  your  excellent  President,  Mr.  Joseph 
Dickinson,  F.G.S.,  and  H.M.  Senior  Inspector  of  Mines,  and 
who  after  half  a  century  of  public  mining  life  I  congratulate 
on  his  occupying  the  Presidential  chair  in  your  year  of 
jubilee.  I  was  also  encouraged  to  accept  Mr.  Dickinson's 
invitation  by  other  eminent  friends  much  engaged  in  mining 
matters,  on  whose  advice  I  am  able  to  rely.  I  have  no 
expectation  of  being  able  to  deal  at  all  exhaustively  with  so 
important  a  subject,  but  shall  be  well  content  to  open 
what  may  prove  to  be  a  useful  discussion,  and  this  should 
not  be  difficult,  because  in  the  Manchester  Geological 
Society  you  have  eminent  men  identified  with  mine  lessors, 
mine  lessees,  and  men  like  our  inspectors  of  mines,  who  are 
identified  with  neither.  In  conveying  the  invitation  to  me 
your  President,   as  was  is  duty,   reminded   me   that    the 
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Manchester  Geological  Society  had  for  its  object  the  further- 
ance of  the  true  interests  of  mining  and  geology  and  knew 
nothing  of  party  politics.  I  was  able  to  assure  him,  as  I 
now  assure  this  meeting,  that  there  will  be  no  infringment 
of  that  regulation  on  my  part,  and  I  shall  endeavour  success- 
fully, as  I  believe,  to  express  my  views  without  a  tinge  of 
partisanship.  I  know  no  better  way  to  prevent  such  ques- 
tions becoming  of  a  party  character  than  by  eminent  neutral 
organisations  like  mining  institutes  taking  them  in  hand. 

Mining  Questions  are  National  Questions. 

It  need  not  be  contended  at  a  meeting  in  which  mioiiig 
interests  are  so  largely  represented  that  anything  whick 
vitally  affects  the  mining  industry  is  a  national  questioiL 
There  are  no  means  of  ascertaining  with  accuracy,  at  any 
rate  none  at  my  command,  the  amoimt  of  capital  invested 
at  the  present  time  in  the  United  Kingdom ;  probably  I  am 
not  over  estimating  in  fixing  the  amount  at  one  hundred 
millions  sterling.  We  do  know  from  the  statistics  now  so 
carefully  prepared  each  year  and  published  under  Govern- 
ment authority,  that  the  number  of  persons  employed  in 
and  about  our  coal  and  metalliferous  mines  is  about  six 
hundred  thousand.  The  position  industrially  which  England 
has  made  among  the  nations  of  the  earth  has  been  by 
reason  of  and  depends  on  the  continuance  of  her  vast 
mineral  resources.  These,  once  the  property  of  the  nation, 
have  been  lost  through  lack  of  knowledge  that  they  existed, 
or  by  carelessness  on  the  part  of  our  State  authorities.  A 
correspondent  in  Scotland  sends  me  a  Scottish  newspaper  of 
very  recent  date*  containing  a  letter  headed  "  The  Law 
Appertaining  to  Mines  and  Minerals."  The  writer  of  that 
letter  makes  reference  to  "  The  Act  concerning  the  Mines," 
passed  in  1592,  under  James  VI.,  dealing  with  the  mines, 

*The  Seottiah  Leader,  20th  February,  1888. 
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metals,  and  minerals  of  Scotland,  and  declared  by  Crown 
counsel  so  recently  as  1885  to  be  **  The  Regulating  Statute." 
The  main  provisions  of  this  Act  of  Parliament  are — ^First, 
that  the  right  of  all  mines,  metals,  and  minerals  belong 
undeniably  to  the  Crown ;  second,  that  a  Crown  officer,  to 
be  called  the  Master  of  Metals,  be  appointed,  who  should 
haye  all  mines  imder  his  charge ;   third,  that  no  private 
compact  between   the   owners  of  the   surface   and  lessees 
should  be  recognised  without  the  consent  of  the  Crown; 
fourth,  that   the   Master  of  the   Metals   only  should  have 
power  to  authorise  the  working  of  any  mine ;  fifth,  that  the 
owners  of  the  surface  should  be  bound  to  grant  way  leaves 
and  groimd  for  building,  and  be  only  entitled  to  surface 
damage.     The  writer  of  this  letter  argues  that  according  to 
law  all  the  mines,  metals,  and  minerals  in  Scotland  belong 
to  the  Crown  as  representing  the  community.     Probably  it 
will  not  be  difficult  to  show  either  that  this  law  has  been 
repealed  or  that  the  Crown  had  absolute  ownership  and  gave 
its  right  away.     I  express  no  opinion  on  the  subject.     The 
letter  was  sent  to  me  while  this  paper  was  under  prepara- 
tion, and  it  seemed  to  me  then  as  it  seems  still  of  sufficient 
interest  and  bearing   upon   our  subject  to  be  introduced. 
One  cannot  but  have  a  passing  feeling  of  regret  that  as  a 
nation  we  might  have  received  in  hard  cash  a  sum  of  money 
approaching  within  something  like  measurable  distance  of 
the    enormous    amount  of  our   National   Debt  and  have 
remaining  for  centuries  to  come   an    annual  revenue   of 
several  millions.     ITiis  cannot  now  be  restored,  and  I  am  no 
advocate  of  or  sympathiser  with  socialistic  and  communistic 
doctrines,  but  I  am  an  ardent  and  consistent  advocate  of 
reforms  under  which  we  could  so  utilise  the  produce  of  the 
bowels  of  the  earth  to  give  the  greatest  amount  of  national 
good.     The  mining  industry  is  not  only  directly  important 
in  itself  with  its  six  hundred  thousand  persons  employed, 


486 

mamtaining  one-tenth  of  the  population^  bat  is  aaaodated 
in  the  olosest  degree  with  as  many  more  of  the  popnktum 
who  are  engaged  in  the  iron  and  steel  and  engineering 
industries ;  and  in  a  secondary  degree  with  our  engines  on 
land  and  our  ships  on  the  sea,  and  our  numberleas  manii> 
f actures.  Whilst  relief  to  mining  relieves  and  encoonget 
the  kindred  industries,  burdens  upon  mining  haye  sft 
injurious  influence  upon  all  with  which  it  is  connected. 
CoNDmoN  OF  Mining  in  the  United  Kingdom. 
What  is  the  condition  at  the  present  time,  and  what  his 
been  the  condition  for  many  years  past  of  mining  and  kindred 
industries  in  England  P  I  have  the  honour  of  addressiiig 
those  who  know,  and  who  can  correct  me  if  I  am  wrong. 
The  records  of  half  a  generation  are  most  melancholy,  and 
balance  sheets  are  sad  and  sorrowful  documents.  I  have  had 
before  mo  whilst  writing  this  paper  the  latest  financial 
statements  of  three  of  the  most  important  mining  companies 
in  the  United  Kingdom,  and  representing  a  combined  capital 
of  several  millions  sterling.  Two  of  the  concerns  made  a 
few  thousand  pounds  of  profit,  but,  placing  the  three  state- 
ments together,  the  net  result  is  an  actual  loss.  Wages  are 
low,  and  I  should  certainly  be  exceedingly  sorry  if  it  should 
be  found  necessary  to  make  still  further  reductions  in  the 
remimoration  of  a  dangerous  occupation  which  is  entitled  to 
reasonably  good  pay.  There  are  some  collieries  yielding  a 
profit,  but  there  are  at  least  as  many  working  at  an  absolute 
loss ;  and  I  believe  that,  taking  all  the  collieries  and  mines 
of  the  United  Kingdom,  and  making  sufficient  allowances 
for  depreciation,  very  little  indeed  of  profit  is  being  made  to 
those  who  have  invested  their  capital.  Mr.  Alfred  Hewlett, 
the  managing  director  of  the  Wigan  Coal  and  Iron  Company 
and  who  is  an  authority  upon  mining  matters  second  to  none 
in  England,  in  the  course  of  his  evidence  before  the  Royal 
Commission  on  the  depression  in  trade,  which  we  shall  have 
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to  refer  to  again,  said  that,  going  back  tliirty-five  years,  and 
including  the  inflated  period  of  1872-73-74,  when  coal  was 
selling  at  famine  prices,  he  was  of  opinion  that  mining  had 
not  on  an  average  paid  fiye  per  cent,  on  the  capital  invested. 
And  within  the  last  few  weeks  the  able  secretary  to  the  Iron 
and  Steel  Institute,  Mr.  J.  S.  Jeans,  who  had  exceptional 
opportunities  of  obtaining  reliable  information,  because,  if 
I  mistake  not,  he  is  also  secretary  to  the  British  Iron  Trade 
Association,  writes  that  "  The  condition  of  the  English  iron 
and  steel  industries  for  some  ten  or  twelve  years  has  been  so 
depressed  that  the  cases,  in  which  it  has  been  possible  to  pay 
a  dividend  of  five  per  cent.,  have  been  conspicuous  rather  by 
their  absence  than  otherwise.  Some  of  the  largest  works 
have  paid  no  dividend  at  all  for  years.  Coal,  the  most  indi- 
genous of  all  English  industries,  appears  to  have  fared  no 
better.  The  highest  authorities  on  the  coal  industry 
unhesitatingly  assert  that  over  the  period  of  the  past  twelve 
years  the  trade,  as  a  whole,  has  not  returned  two  and  a  half 
per  cent,  upon  the  capital  invested,  and  for  this  miserable 
*  mess  of  pottage,'  "  says  Mr.  Jeans,  "we  are  working  out  as 
fast  as  we  can  the  foundations  of  our  prosperity  as  a  manu- 
facturing country." 

Competition  Abroad. 
Nor  do  I  see  how  any  substantial  improvement  is  to  come 
about  (except  in  one  way,  which  we  will  mention  soon). 
Prices  may  and  no  doubt  will  have  minor  elevations  and 
depressions,  but  there  can  hardly  be  any  permanent  advance 
to  a  perceptible  degree.  We  have  great  and  cnt-erprising 
and  highly  favoured  competitors  ever  increasing  in  their 
competition,  and  our  percentage  of  the  world's  productions 
is  becoming  less  and  less.  Any  comparison  of  what  the 
various  countries  produced  in  coal  and  iron  thirty  years  ago, 
and  even  fifteen  years  ago,  and  what  they  produce  now, 
would  prove  this  in  a  remarkable  degree.     In  1864  Eng- 

24a 
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land  produced  as  muoli  iron  as  all  the  otiher  oonntriesot 
the  world  combined ;  and  that,  as  we  shall  endeavour  to 
show  presently,  is  certainly  not  the  condition  of  things 
now.  In  one  important  article  of  manufacture,  namely, 
pig  iron,  we  have  fallen  from  one-half  to  one-third  of  the 
world's  production,  not  that  England  makes  a  less  amount 
per  year,  we  have  increased,  but  not  proportionately  with 
other  lands.  The  continent  of  America  has  boundlen 
natural  resources,  which  are  being  developed  with  marvel- 
lous rapidity.  I  have  been  reading  a  good  deal  lately  in 
American  papers,  with  which  my  many  friends  in  the 
United  States  favour  me,  about  the  rise  and  progress  of 
Pittsburg,  which  will  in  my  opinion  at  no  remote  period 
become  the  greatest  iron  and  steel  making  centre  in  the 
world.  Even  now  the  eminent  American,  Mr.  Andrew 
Carnegie,  tells  us  in  a  speech  made  last  year  whilst  on  a 
visit  to  England,  that  the  works  in  which  he  is  a  partner 
and  actively  identified  with  its  management  will  soon  be 
able  to  produce  half  as  much  steel  as  all  the  steel  works  of 
the  United  Kingdom ;  and  it  is  a  fact  that  last  year  America 
made  nearly  as  much  pig  iron  as  England,  and  the  number 
of  works  is  rapidly  increasing.  Some  years  ago  the  Pitts- 
burg iron  and  steel  makers  had  unlimited  supplies  of  coal 
suitable  to  their  requirements,  and  got  so  cheaply  that  it 
was  delivered  at  the  works  at  from  half-a-crown  to  three 
shillings  a  ton.  But  now  nearly  every  works  in  Pittsburg 
is  using  for  all  purposes  of  heating,  steam  generation,  and 
illumination,  natural  gas,  which  is  equally  effective  with 
coal  and  at  about  one-third  of  the  price.  Coal,  to  compete 
with  it,  would  have  to  be  delivered  on  the  works  at  one 
shilling  a  ton.  In  these  remarks  on  natural  gas,  I  am 
quoting  from  a  Paper  read  to  our  own  Iron  and  Steel 
Institute,  by  Mr.  Carnegie,  in  1885.  This  month  of  March 
I  have  read  an  article  in  an  American  paper,  in  which  a 
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leading  American  manufacturer  said,  that  taking  into  con- 
sideration the  efficiency  of  natural  gas  over  coal,  the  latter 
fael  would  be  dear  if  delivered  on  the  works  free  of 
cost.  This  wonderful  fuel,  known  as  natural  gas,  rises 
from  depths  of  one  thousand  and  thirteen  hundred  feet, 
and  reaches  the  surface  at  a  pressure  of  two  hundred  pounds 
per  square  inch.  The  delivery  of  increasing  quantities  has 
been  going  on  for  over  20  years,  and  can  be  piped  away  and 
used  at  a  distance  of  many  miles.  In  the  month  of  February 
I  was  visited  by  two  Mining  Engineers  and  Colliery 
Proprietors  from  the  State  of  Kentucky.  In  that  State,  the 
land  with  valuable  timber  and  valuable  coals,  can  be  bought 
out  and  out  for  £1  an  acre.  And  then  our  other 
competitors,  such  as  France  and  Germany,  are  free  from 
burdens  which  oppress  England.  I  mention  these  points  to 
show  that  a  considerably  increased  demand  cannot  benefit 
England  very  much ;  there  are  others  in  the  race,  and  either 
with  advantages  which  we  do  not  possess,  or  free  from 
harassing  influences  which  we  do  possess.  Mr.  Jeans 
writes  that  the  English  industrial  can  hold  his  own  against 
the  world  if  he  gets  anything  like  fair  play.  But  he  has  to 
meet  charges  upon  his  industry  which  are  not  equally  felt 
in  countries  with  which  he  has  to  compete. 

What  Caused  the  Period  of  Inflation? 

Many  eminent  authorities  are  agreed  that  our  present  and 
long-continued  period  of  depression  is  attributable  to  the 
limited,  very  limited,  period  of  inflation  which  commenced 
some  sixteen  years  ago,  and  almost  ended  before  it  had 
established  itself.  That  opinion  I  endorse.  But  there  is 
not  the  same  unanimity  of  opinion  as  to  how  exactly  the 
inflation  afterwards  produced  so  severe  and  so  prolonged  a 
time  of  depression.  When  our  good  times  set  in,  America 
had  recovered  from  the  temporarily  ruinous  and  prostrating 
influences  of  her  four  years'  civil  war,  and  had  plenty  o£ 
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money,  and  enormoiiB  indoatrial  demands  which  she  could 
not  anything  like  meet.  Her  iron  and  steel  and  engineering 
works,  now  equal  to  anything  we  have  in  England,  were  then 
only  in  their  childhood.  The  Franco-Gtonnan  war  had  for 
more  than  a  year  completely  paralysed  the  industries  not 
only  of  the  two  nations,  France  and  Germany,  that  were 
actually  engaged,  but  all  the  Continental  nations  of  Europe 
who,  themselves,  armed  to  the  teeth,  were  watching  the  con- 
flict, not  knowing  how  soon  they  might  be  drawn  in.  When 
the  war  ended  the  industrial  arrears  had  to  be  recovered. 
Germany  had  drawn  a  prize  in  the  lottery  of  war  amounting 
to  two  hundred  millions  sterling,  and  was  ready  to  spend. 
France,  which  had  expelled  a  dynasty  and  sacrificed  two 
provinces,  displayed  a  characteristic  lightness  of  heart,  and, 
rising  like  a  Phoenix  from  its  ashes,  sent  hundreds  of 
millions  of  money  into  the  national  treasury.  Other 
European  powers  also  commenced  to  spend  more  or  leas. 
America  was  a  great  customer,  and  England  became  in  very 
truth  the  workshop  of  the  world.  Demand  was  greater 
than  the  supply ;  prices  went  up  by  leaps  and  bounds ;  pig 
iron  touched  ten  pounds  a  ton ;  coal  passed  a  sovereign  a 
ton,  and  we  were  threatened  with  a  coal  famine. 

What  Caused  the  Period  of  Depression  P 
I  am  afraid  that  we  all  thought  that  what,  after  all,  was. 
merely  an  incident  was  the  commencement  of  an  era ;  many 
of  our  safest  men  even  lost  their  balance  ;  all  the  minerals 
that  could  bo  leased  were  leased,  and  on  landlords'  terms,  as 
they  were  masters  of  the  situation.  Mr.  Hewlett,  in  his 
evidence  before  the  Royal  Commission,  said  that  during 
1872  to  1875  leases  were  granted  on  very  much  higher  terms 
than  before.  Mr.  J.  T.  Smith,  of  Barrow,  before  the  same 
Royal  Commission,  said  that  during  those  memorable  years 
iron  ore  on  the  west  coast  of  England  was  leased  on  royalties 
as  high  as  ten  shillings  a  ton.     The  fleeting  incident  of 
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inflation  soon  came  to  an  end ;  we  had  taught  our  customers 
a  lesson — they  became  our  competitors  and  commenced  a 
development  of  their  seyeral  resources,  which  development 
lias  gone  on  with  increasing  force  ever  since,  and,  so  far 
from  having  spent  itself,  that  competition  in  the  future  will 
be  even  keener  tl^an  in  the  past.  We  have  already  men- 
tioned that  in  1854  England  made  as  much  iron  as  all  the 
rest  of  the  world  combined.  Even  in  1874,  towards  the  end  of 
our  brief  period  of  inflation,  England's  production  of  pig 
iron  was  nearly  half  the  production  of  the  world,  the  exact 
figures  being  forty-seven  per  cent.  Now,  taking  last  year 
as  a  basis,  we  only  produce  only  one-third  of  the  total  pro- 
duction of  pig  iron.  Of  manufactured  iron  we  produce 
one-fourth  of  the  total  production.  Of  steel  in  all  its 
branches  we  produce  only  one-third  of  the  total  production. 
And,  taking  as  a  very  remarkable  illustration  the  now 
popidar  method  of  manufacturing  steel  by  the  basic  process, 
fhe  invention  of  eminent  Englishmen.  This  method  of 
manufacture  commenced  ten  years  ago,  and  has  now  grown 
to  1,377,000  tons  annually,  of  which  we  in  England,  the 
country  of  its  invention,  and  the  foremost  iron  and  steel 
nation  of  the  world,  only  produce  one-fifth,  that  is,  for  every 
ton  of  basic  steel  which  England  makes,  other  coimtries 
make  four  tons.  The  prosperous  period  gave  an  impetus  to 
social  legislation,  mines  Acts,  and  mines  amendment  Acts 
followed  each  other,  increasing,  and  substantially  too,  the 
price  of  coal  getting.  I  have  endeavoured  to  arrive  at  what 
actual  burden  has  been  imposed  by  mines  Acts  including 
1872  and  1887.  It  was  stated  before  the  Royal  Commission 
that  ironmasters  in  Scotland  charged  it  with  between  three 
and  four  shillings  on  a  ton  of  pig  iron,  but  this  was  evidently 
an  exaggeration.  Mr.  Hewlett  in  his  evidence  said  that 
unfortunately  every  Act  of  Parliament  relating  to  mining 
had  increased  the  cost  of  working,  and  he  estimated  the 
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inoreaaed  cost  of  the  Act  of  1872  at  eightpence  a  ton.  I 
saw  the  other  day  a  paragraph  in  our  principal  Englidi 
mining  paper  which  stated  that  the  coal-owners  of  tbe 
United  Kingdom  are  finding  out  that  the  new  Mines  Aet  of 
1887  is  adding  very  considerably  to  the  cost  of  workiiig 
coUierieSy  and  therefore  to  the  cost  of  producing  coal.  Wiik 
the  proTision  of  new  lamps,  ambulance  appliances,  additionil 
workmen,  and  additional  machines  of  various  kinds  needed, 
it  has  been  computed  that  at  many  collieries  the  cost  of 
producing  the  coal  will  be  increased  threepence  a  ton.  An 
eminent  iron  and  steel  master  and  colliery  proprietor.  Earl 
Oranyille,  in  a  speech  in  the  House  of  Lords,  put  the  in- 
creased cost  by  legislation  at  from  one  shilling  to  two 
shillings  per  ton  of  coal.  I  have  decided  to  put  the  additional 
cost  of  all  the  Acts  and  amendments,  commencing  1872  and 
and  ending  1887,  at  one  shilling  per  ton  of  coal.  Sanitaiy 
aud  educational  and  other  legislation,  by  adding  to  local 
rates,  has  still  further  increased  the  cost  of  coal  production. 
Even  the  various  Acts  of  Parliament  relating  to  employers' 
liability  have  added  something.  One  Lancashire  collieiy 
firm  has  been  affected  under  this  latter  head  alone  to  the 
extent  of  fourteen  hundred  pounds  a  year.  All  this  could 
have  been  borne,  and  would  have  been  borne  philosophically^ 
but  prices  went  deplorably  lower  and  lower,  while  expenses 
were  going  higher  and  higher ;  and  there  seems  to  me,  for 
reasons  given  and  others  that  we  shall  give,  no  substantial 
ground  for  hoping  either  that  prices  will  increase  or  that 
expenses  will  decrease. 

Something  must  be  done. 

During  the  many  centuries  in  which  our  great  English 
industries  have  been  built  up,  our  native  genius  and  ente^ 
prise  and  national  spirit  have  always  met  and  overcome 
diflBculties  which  have  arisen.  When  timber  became  scarce 
three  hundred  years  ago  we  introduced  coal ;  when  in  the 
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present  generation  iron  threatened  to  become  obsolete,  we 
introduced  new  processes,  re-modelled  our  plant,  and 
launched  out  into  the  manufacture  of  steel.  A  greater 
difBcidty  now  stares  us  in  the  face,  and  must  be  swept 
away  as  all  our  preyious  troubles  haye  been.  We  want  a 
re-adjustment,  fair  and  equitable,  in  the  arrangements  now 
CEzisting  between  the  parties  and  interests  of  mining 
operations. 

Existing  Burdens  and  Suggested  Bebcedies. 
Mb.   Maskell   Peace's   Bill   for  Belief   of  Mineral 

Tenants. 
When  proposals  are  made,  as  they  have  been  and  are 
being  made,  to  interfere  with  mine  rents,  objection  is  taken, 
and  perhaps  not  at  all  unnaturally,  that  there  ought  not  to 
be  interference  with  contracts  duly  entered  into,  and  that 
each  party  should  abide  by  undertakings  made  for  better  or 
worse.  To  this  it  may  be  said  that  the  Tery  existence  of 
nations  implies  that  there  shall  be  a  power  competent  to 
make  any  and  all  needful  arrangements  in  the  interests  of 
the  common  weal.  The  present  generation  is  getting  quite 
accustomed  to  such  State  interference.  We  have  seen  in 
our  day  the  abolition  of  purchase  in  the  army,  and  the 
abolition  of  the  truck  system,  the  passing  of  the  Hares  and 
Babbits  Bill,  giving  to  the  tenant  whatever  agreement  he 
may  have  entered  into  with  his  landlord  an  absolute  property 
in  the  ground  game  on  the  land  which  he  rents  ;  the  passing 
of  measures  dealing  with  employers'  liability,  which  in 
their  latest  phase  as  emanating  from  a  Select  Committee  of 
the  House  of  Commons  makes  compensation  to  workmen 
oompidsory,  no  matter  what  contracts  an  employer  may 
make  with  his  employes ;  the  establishment  of  a  Bailway 
Commission,  with  powers  to  modify  railway  charges ;  and, 
most  important  of  all,  a  Land  Commission,  which  has  very 
recentiy  made  a  wholesale  reduction  in  agricultural  rents. 
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And  those  who  advocate  interfeTenoe  in  mining  leases 
contend  that  mining  operations  have  a  special  claiin.  In  a 
**  Bill  for  the  Belief  of  Mineral  Tenants,"  prepared  by  mj 
distinguished  friend,  Mr.  MaskeU  William  Peace,  a  eqpv  of 
which  he  has  kindly  placed  at  my  disposal,  and  whose  very 
high  authority  upon  matters  affecting  mining  will  be 
readily  admitted  alike  by  miners  and  colliery  proprietors 
and  mine  owners,  he  gives  reasons  for  interference  with 
existing  contracts,  so  much  better  than  I  can  advance,  that 
I  quote  them  here.  Mr.  Peace  says,  with  respect  to  the 
special  grievance  of  mineral  tenants,  which  he  proposed  ta 
redress  by  his  Bill,  "  It  should  be  borne  in  mind  what  the 
late  Lord  Ohancellor  Cairns  said  of  mining  leases : — '  But 
without  pursuing  the  question  with  respect  to  agricultoial 
leases  further,  I  should  doubt  extremely  whether  dicta  of 
this  kind  apply  at  all  to  the  leases  of  mining  subjects ;  for 
although  wo  speak  of  a  mineral  lease,  or  a  lease  of  mines, 
the  contract  is  not  in  reality  a  lease  at  all  in  the  sense  in 
which  we  speak  of  an  agricultural  lease.  There  is  no  fruit- 
that  is  to  say,  there  is  no  increase,  there  is  no  sowing  or 
reaping  in  the  ordinary  sense  of  the  term,  and  there  are 
no  periodical  harvests.  What  we  call  a  mineral  lease 
is  really,  when  properly  considered,  a  sale  out  and  out  of  a 
portion  of  the  land.  It  is  liberty  given  to  a  particular 
individual,  for  a  specific  length  of  time,  to  go  into  and 
under  the  land,  and  to  get  certain  things  there  if  he  can  find 
them,  and  to  take  them  away  just  as  if  he  had  bought  so 
much  of  the  soil.  It  is  very  difficult  to  apply  to  a  case  of 
this  kind  dicta  which  evidently  relate  to  the  ordinary 
process  of  agriculture."  Mr.  Peace  proceeds  to  show  that 
*'  it  has  been  found  politic  from  time  to  time  to  mitigate  the 
stringency  of  leases  in  favour  of  the  tenant.  The  power 
of  re-entry  for  non-payment  of  rent  was  relieved  by  statute, 
so  that  upon  a  payment  of  the   rent   the   re-entry   clause 
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ahoold  not  operate;  and  several  Acts  were  passed  which 
mitigated  the  power  of  re-entry  on  the  part  of  the  landlord 
for  all  breaches  of  the  lease,  except  assignment  without 
consent,  and  enabled  the  Chancery  Division  of  the  High 
Conrt  of  Justice  to  assess  damages  for  breach  of  contract  in 
lieu  of  re-entry."  Mr.  Peace's  bill  was  to  provide  against 
loss  of  the  enormous  sums  known  as  overpaid  mine  rents, 
and  he  furnishes  some  very  cogent  reasons  for  relief.  *'  The 
coal  which  has  not  been  got  is  not  left  through  any  fault  of 
the  lessee,  but  in  consequence  of  a  long  period  of  depression 
following  upon  a  comparatively  short  period  of  inflation. 
A  condition  of  things  has  arisen  with  which  mine  tenants 
are  imable  to  cope,  which  no  forethought  could  have 
anticipated,  and  which  no  energy  could  counteract.  The 
market  is  unable  to  receive  the  number  of  tons  which  the 
tenants  have  bound  themselves  to  pay  for  during  the  terma 
of  their  leases.  At  the  time  that  a  very  large  number  of 
the  existing  mineral  leases  were  made,  it  was  evidently 
anticipated  both  by  landlords  and  tenants  that  the 
prosperous  state  of  things  then  existing  would  continue. 
This,  as  is  only  too  well  known,  has  not  been  the  case,  and 
only  by  an  alteration  of  the  law  can  an  adjustment  be  made. 
Many  landlords  could  grant  relief  but  will  not,  others  acting 
as  trustees  plead  inability."  [I  had  a  letter  a  few  days  ago 
from  a  mining  engineer,  saying  that  the  great  difficulty  in 
working  an  important  mine  with  which  he  was  connected 
arose  from  the  entail  preventing  the  tenants  for  life  giving 
permission  to  interfere  with  the  surface  at  certain  places, 
necessitating  the  workings  been  driven  in  enormous 
distances.  In  this  particular  case  the  acting  landlord  would 
remedy  the  evil,  but  the  law  will  not  allow  him.]  Mr. 
Peace  continues : — "  The  result  of  the  existing  condition  of 
things,  so  diflerent  from  what  was  anticipated  when  leases 
were  made,  is,  that  on  taking  coal  on  which   very  large 
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sums  of  money  as  certain  rent  have  to  be  paid  to  the 
landlords  annually,  the  tenant,  while  seeking  to  recoup 
himself  for  this  payment,  will  pull  every  ton  of  mineral  he 
can  out  of  the  mine,  and  if  his  royalty  is  leased  from 
several  landlords,  he  may  also  be  tempted  to  work  the 
mineral  with  a  view  to  his  payment  rather  than  in  a 
workmanlike  manner  and  in  the  safest  way.  The  result  is, 
the  market  gets  overstocked  and  glutted  with  over-produc- 
tion, no  profits  are  realised  by  the  tenants,  and  low  wages 
are  paid  to  the  miner."  Mr.  Peace  adds  that  "the  total 
amounts  of  overpaid  certain  rents  in  respect  of  coals  leased 
in  England  is  estimated  at  many  thousands  of  pounds."  We 
may  venture  to  say  that  the  actual  amoimt  now  standing  as 
overpaid  mine  rents  is  certainly  hundreds  of  thousands  and 
it  may  be  even  millions  of  pounds,  much  of  which  we  fear  is 
lost  beyond  recall.  A  good  deal,  we  venture  to  hope,  will 
not  be  lost.  Mr.  Peace's  bill  deals  only  with  these  overpaid 
mine  rents,  and  the  Court  of  Chancery  under  his  proposals 
was  to  be  empowered  to  extend  the  term  for  a  further  period 
not  exceeding  one- third  of  the  original  term,  and  of  course 
during  this  extended  term  no  rent  would  be  claimable  on 
coal  already  paid  for.  Whatever  can  be  said  as  to  other 
suggestions  that  may  be  made  in  this  paper,  there  ought  to 
be  no  difference  of  opinion  as  to  the  necessity  for  this  very 
just  and  mild  reform.  A  royalty  receiver  has  no  more 
moral  right  to  coal  which  he  has  been  paid  for,  than  a  man 
has  to  keep  a  house,  or  a  horse,  or  a  waggon  of  coals,  or  a 
farm,  or  shares  in  a  concern,  for  which  payment  has  been 
made.  And  yet  I  suppose  that  under  the  existing  law  a 
colliery  firm  may  pay  hundreds  of  thousands  of  poimds  for 
coals  which  by  causes  beyond  their  control  they  cannot  work 
during  the  term  of  their  lease,  and  that  same  coal  can  be 
leased  again  and  paid  for  again,  although  as  Lord  Chancellor 
Cairns  judiciously  and  forcibly  puts  it,  that  coal  has  already 
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been  sold  out  and  out.  I  wish  to  use  no  heedlessly  strong 
language,  but  such  a  condition  of  things  clashes  with  the 
general  idea  of  fairness  and  justice. 

Suggested  Remedies. — Mr.  W.  Y.  Craig's  Chamber 

OF  Commerce  Resolutions. 

Another  very  distinguished  friend  of  mine,  Mr.  W.  Y. 
Craig,  formerly  M.P.  for  the  imdivided  division  of  North 
Staffordshire,  and  with  large  experience  of  mining,  has  gone 
very  much  into  the  question  with  which  we  are  now  dealing 
and  under  his  guidance  the  North  Staffordshire  Chamber  of 
Commerce  framed  certain  resolutions  calling  for  an  alteration 
of  the  law,  and  the  annual  meeting  of  the  Associated 
Chambers  of  Commerce  of  the  United  Kingdom  ratified  their 
resolutions;  therefore  they  come  to  us  with  very  high 
recommendations.  In  a  communication  with  which  Mr. 
Craig  has  favoured  me,  he  says  the  resolutions  did  not  reach 
all  that  he  could  have  desired,  "  but  their  adoption  into  law 
would  establish  a  just  and  righteous  principle  of  leasing  in 
place  of  that  at  present  existing,  which,  in  plain  language,  is 
moral  fraud.  As  matters  now  are,  a  lessor  has  power  to 
bargain  for  capital  and  skill  to  be  applied  to  his  property  in 
search  of  mines,  and  to  work  mines,  the  lessee  having  to  pay 
a  fixed  rent  for  what  is,  it  may  be  imdiscovered,  and  which 
can  only  be  won  and  worked  at  the  cost  of  that  lessee.  He 
(the  lessee)  is  further  bound  to  pay  a  royalty,  out  of  which 
the  fixed  rent  may  be  liquidated  if  sufficient,  but  if  short, 
such  fixed  rent  remains  the  property  of  the  lessor.  His  (the 
lessee's)  best  advisers  may  have  estimated  what  his  capital 
expenditure  would  amount  to,  but  as  all  such  calculations 
necessarily  rest  on  speculative  grounds,  it  may,  and 
frequently  does,  happen  that  an  expenditure  estimated  at  say 
JBl 00,000,  becomes  twice  or  thrice  this  amoimt  before  the  mine 
becomes  remunerative.  The  lessor  may,  if  he  desires,  raise 
on  mortgage  £50,000  for  his  own  uses  on  the  improvement 
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of  his  property,  but  the  man  who  made  it — the  lessee — 
cannot  raise  a  penny  without  written  consenty  which  Ia 
generally  withheld.  Should  the  lessee  be  driven  into  bank- 
ruptcy owing  to  the  exhaustion  of  his  means  and  his  inability 
to  borrow  on  the  security  of  his  lease,  the  lessor  can  re-enter 
and  take  possession  of  all  at  breaking  up  value,  which,  in 
the  case  of  £150,000,  might  probably  be  about  £10,000. 
Mr.  Craig's  resolutions  provide  that  mining  lessees  shall  have 
the  right  to  assign,  sell,  or  under-let  their  property  and 
rights  in  the  mines  leased  to  them,  subject  to  their  remain- 
ing responsible  to  the  lessor  ;  further,  that  on  lessors  exercis- 
ing their  right  of  re-entry  and  forfeiture  during  the  term 
of  any  lease,  they  should  compensate  their  lessees  for  the 
amount  of  capital  invested  by  them  on  the  mines  according 
to  their  market  value,  and  that  lessees  shall  have  the  option 
of  requiring  mine  rents  and  royalties  to  be  adjusted  on  a 
fair  basis  according  to  the  fluctuation  of  the  market,  and 
that  there  should  be  established  in  every  mining  district  a 
mining  tribunal,  empowered  to  deal  with  the  matters  referred 
to  by  the  resolutions,  and  that  such  court  should  consist  of 
one  legal  assessor  and  two  mining  assessors.  It  will  be  seen 
that  Mr.  Craig's  resolutions,  which  commended  themselves 
to  not  only  the  mining  community  of  his  own  district,  but 
to  the  Associated  Chamber  of  Commerce  representing  the 
trade  of  the  United  Kingdom,  are  more  far  reaching  than 
Mr.  Peace's  extremely  moderate  bill,  but  the  principle  of 

relief  to  mineral  tenants  underlies  them  both.     Mr.  Craig  in 

* 

his  commimication  to  myself,  argues  that  "his  resolutions 
should  become  law,  and  are  demanded  on  the  grounds  that 
the  contracts  between  lessors  and  lessees  are  immoral,  inas- 
much as  they  affect  the  interests  of  third  parties,  namely, 
the  workmen  have  less  wages,  as  the  capital  must  be 
redeemed  within  a  short  period  owing  to  the  risk  of  its  fall- 
ing into  the  lessor's  hands  by  virtue,  or,  to  speak  more 
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plainly,  by  vice  of  the  lease ;  the  workmen  and  the  general 
public  are  often  ruined  by  the  sudden  stoppage  of  work 
owing  to  the  re-entry  of  lessors.  In  one  case  a  colliery 
employing  1,000  men  was  stopped  for  two  years,  and  in 
another  case  a  colliery  employing  1,500  men  was  stopped 
and  has  not  since  resumed  work,  practically  ruining 
thousands  of  a  population.  The  re-entry  in  both  cases  was 
in  consequence  of  inability  to  pay  rent,  and  three  years  back 
rent  cancelled  the  lessor's  obligations  to  pay  anything,  that 
is  the  lessors  claimed  everything  in  lieu  of  three  years'  mine 
rent.  The  lessees  lost  all.  Mr.  Craig's  especial  points  are 
that  any  lessor  on  re-entry  should  be  liable  to  pay  full 
market  value,  and  that  mine  rent  should  be  by  sliding  scale, 
placing  lessor  and  lessee  on  the  same  footing  as  to  good 
times  and  bad  times.  This  regulation  did  not  touch  the 
question  as  to  the  amoimt  of  royalty  per  ton ;  his  wish  was 
to  establish  a  righteous  principle  and  the  amount  of  royalty 
would  regulate  itself. 

Debate  on  Mine  Rents  in  the  House  of  Commons. 

In  the  month  of  April,  1886,  a  discussion  upon  mine  rents 
was  raised  in  Parliament,  but  so  far  as  I  can  gather  from  the 
records  it  was  taken  at  a  somewhat  unf ortxmate  time,  and  did 
not  arouse  much  attention.  It  was  argued  then,  and  I  think 
fairly  enough,  that  the  much  spoken  of  freedom  of  contract 
did  not  apply  in  this  case,  because  minerals  were  practically 
a  monopoly,  and  landlords  were  masters  of  the  situation,  and 
Parliament  had  always  claimed,  and  latterly  were  exercising 
a  very  free  hand  in  dealing  with  monopolies,  as  in  the  case 
of  railways  and  land.  It  was  incidentally  mentioned  during 
this  discussion  that  the  old  system  of  mine  rents  was  entirely 
different;  from  the  present  high  paid  rents  and  high  amoimts 
per  ton.  The  landlord  then  received  a  certain  proportion  of 
the  output ;  if  much  was  raised  his  share  was  proportionate  ; 
if  none  was  raised  he  (the  landlord)  received  nothing.     The 
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diflouBsion  was  upon  a  resolution  to  the  effect  that  the  exist* 
ing  system  of  contracting  for  mining  rents  and  royalties  was 
unsatisfactory,  and  should  be  amended  by  the  Legislature  on 
an  equitable  basis  in  the  interests  of  all  concerned.  Such  a 
resolution  no  doubt  comes  under  the  head  of  abstract  resolu- 
tions, of  which  there  are  so  many  in  the  House  of  CommonB 
every  session ;  but  very  many  persons  engaged  in  mining 
sympathised  with  its  spirit.  The  mover  of  the  resolution 
repudiated  the  idea  that  they  who  were  associated  with  him 
were  mere  agitators,  desirous  that  the  State  should  relieve 
them  from  the  responsibility  of  bad  bargains.  He  would 
not  lift  his  finger  to  give  such  relief.  What  they  were 
striving  for  was  the  relief,  not  of  individuals,  but  of  national 
industries. 

Deputation  to  the  Hobie  Secretary  on  Mine  Bents. 

In  the  month  of  March,  in  the  same  year,  1886,  a  veiy 
influential  and  entirely  non-partisan  deputation  of  members 
of  Parliament  and  others  waited  upon  the  Home  Secretaiy 
on  the  same  question.     In  making  mention  of  Cornwall,  a 
coimty  which  has  been  very  much  hampered  by  harassing 
mining  leases,  it  appeared  that  mine  landlords  there  pos- 
sessed and  exercised  powers  as  absolute  as  those  of  Feudal 
times.     Leases  are  granted  usually  for  21  years.      There 
are   heavy   fixed   rents   and  dues  on   the  output,   paid  in 
very  many  cases,  not  from  profits,  but  from  actual  calls  on 
Hhareholders,   the   mines   themselves  being   worked    at   a 
loss.      Enormous   charges   are   made  for   surface    damage 
to   land,   as    much    as    £100    per  acre    for    land    whose 
annual  value  is  £1.     At  the  expiration  of  the  lease  the 
entire  plant  becomes  the  property  of  the  landlord.     And 
even  when  a  mine  is  "  shut  down  "  the  owners  are  bound 
to   offer  the  whole  concern,  plant   and   all    to    the   land- 
lord at  a  valuation.     If  he  refuses  to  purchase  the  plant,  and 
he  invariably  does  refuse,  the  owners  can  sell  the  plant. 
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But  all  stone  built  erections  and  the  pit  shaft  and  workings 
are  the  property  of  the  landlord.  The  tenant  gets  nothing 
for  "  unexhausted  improvements "  which  his  money  has 
made.  Mention  was  made  by  the  deputation,  of  the  Coal 
Measures  in  the  Forest  of  Dean,  which  are  worked  at  very 
low  profits  and  very  considerable  expense,  and  on  which  it 
appears  that  the  Crown  had  originally  a  title  to  a  proportion 
of  the  profits.  The  separate  quantities  let  in  the  Forest  of 
Dean  would  seem  not  to  be  extensive  and  are  known  as 
"  Gales."  A  re-valuation  takes  place  each  21  years,  and 
about  23  years  ago  an  arrangement  was  made  under  which 
the  Crown  received  twopence  a  ton  royalty,  one  penny  a  ton 
way-leave,  and  £6  a  year  rent.  The  average  profit  at  the 
end  of  the  term  was  shown  to  have  been  twopence  per  ton 
for  the  21  years,  and  the  Crown  ought  to  have  received  one 
penny  a  ton ;  what  the  Crown  did  receive  we  have  mentioned. 
The  re-valuation  two  years  ago  stipulated  that  from  that 
time  the  Crown  should  receive  threepence  a  ton  royalty,  one 
penny  a  ton  way-leave,  and  £30  a  year  rent. 

Mine  Rents  in  the  United  Kingdom. 
Coal  Royalties  in  the  Forest  of  Dean. 

I  have  had  an  opportunity  of  consulting,  thanks  to  the 
courtesy  of  your  President,  the  printed  *'  Award  as  to  the  Coal 
and  Iron  Mines  in  Dean  Forest,"  as  made  by  a  Royal  Com- 
mission which  made  an  inquiry  in  the  years  1838-41 .  It  would 
appear  that  well  nigh  from  time  immemorial  the  mines  of  the 
Forest  of  Dean  have  been  worked  by  the  free  miners,  who  were 
male  persons  bom  within  the  district  and  had  worked  one  year 
and  one  day  in  a  mine.  These  free  miners,  of  whom  at  the 
time  of  the  Commission  there  were  829,  enjoyed  the  right 
of  working  the  mines  under  a  licence  from  the  Crown,  to 
whom  a  nominal  payment  was  made  amounting  to  what 
seems  to  have  been  one-fifth  of  the  profits.  The  system  of 
operation  was  regulated  by  a  court  or  jury  of  free  miners. 
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and  dociunents  of  their  deliberations  are  now  in  ezirtenoe, 
dating  baok  220  years.  It  cannot  be  said  that  the  free 
mining  arrangement  worked  well.  There  was  frequent  and 
expensive  litigation.  The  spoliation  and  destruction  of  each 
others  coal  was  of  frequent  occurrence.  The  powers  of  the 
free  miners'  jury  were  altogether  inadequate.  The  whole 
spirit  of  the  proceedings  was  inapph'cable  to  the  deep  ooaL 
To  remedy  the  confusion  a  Boyal  Commission  was  appointed 
to  determine  in  whom  the  right  to  work  certain  mines  was 
invested,  and  to  fix  future  payments.  This  Commission, 
comprising  Mr.  Buddie,  Mr.  Sopwith,  and  Mr.  Probyn,  made 
all  needful  inquiry  and  signed  their  award  in  1841.  Under 
this  award  the  rights  to  work  were  confirmed.  Royalties 
varying  from  one  penny  to  twopence  per  ton  on  ooal,  and 
varying  from  twopence  to  fourpence  per  ton  on  ironstone, 
were  fixed ;  and  in  every  separate  case  a  certain  rent  which 
must  be  paid  if  no  coal  or  ironstone  was  worked.  As 
regards  the  coal  mines,  two  years  were  allowed  in  which  to 
open  out  the  mine,  during  which  period  no  royalty  and  no 
rent  should  be  payable,  and  no  royalty  should  be  payable  on 
coals  consumed  by  any  colliery  engines  or  for  other  necessary 
colliery  purposes.  As  regards  iron  mines,  a  period  of  four 
years  was  to  be  allowed  for  opening  out  the  mine,  during  which 
time  royalty  should  not  be  payable.  The  certain  rents  on 
iron  mines  varied  from  £2  per  year  to  £40;  and  the  certain 
rents  on  coal  mines  varied  from  £1  per  year  to  £250.  For 
the  purpose  of  making  this  paper  as  complete  as  possible,  1 
endeavoured  to  obtain  information  from  many  sources, 
offering,  where  privacy  was  desirable,  to  mention  neither 
names  of  persons  nor  places.  My  efforts  resulted  in  a  mass 
of  matter,  I  can  hardly  say  a  mass  of  information,  a  good 
deal  being  mere  assertion,  unsupported  by  facts  and  figures. 
Still,  some  reliable  data  have  been  obtained,  and  probably 
sufficient  for  the  purpose. 
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Coal  Royalties  m  Lancashire. 

What  I  wish  to  do  is  to  show,  in  addition  to  what 
we  have  already  shown,  what  mine  rents  and  mineral 
royalties  are  now,  and,  to  some  extent,  what  they  have 
been.  First,  we  will  take  our  own  county  palatine  of 
Lancashire.  It  is  generally  accepted  that  a  fair  average 
coal  royalty  will  be  about  sixpence  per  ton.  Mr.  Alfred 
Hewlett  mentions  that  amount  in  his  evidence  before 
the  Commission  on  the  Depression  of  Trade,  and  no  man, 
living  or  dead,  has  had  more  to  do  with  Lancashire  mining 
leases.  Mr.  Hewlett  does  not  say  how  much  this  sixpence 
per  ton  is  increased  by  overpaid  mine  rents,  past  and  present. 
In  his  own  case  I  should  think  that  on  an  output  varying 
from  1,500,000  to  2,000,000  tons  a  year,  and  reckoning 
overpaid  mine  rent  now  being  paid,  and  moderate  interest 
on  what  has  been  paid,  the  actual  royalty  per  ton  of  coal 
produced  will  be  very  considerably  more  than  sixpence.  A 
colliery  proprietor  told  me  a  week  or  two  since  that  every 
ton  of  coal  he  was  raising  had  a  royalty  burden  of  one 
shilling  and  fourpence.  I  put  the  Lancashire  average  at 
eightpence. 

Coal  Royalties  in  Yorkshire. 

An  eminent  authority  in  Yorkshire  writes  me  that  in 
that  county  the  coal  royalties  range  from  fourpence  to 
ninepence  a  ton,  and  that  in  many  cases  overpaid  mine 
rents  make  the  amount  stand  at  one  shilling  and  thirteen- 
pence.  Another  Yorkshire  authority  tells  me  that  leases 
granted  during  the  years  1872-73-74-76  were  in  many 
instances  as  high  as  one  shilling  per  ton  ;  and  that  thirty 
and  forty  years  ago  the  average  royalty  would  not  exceed 
fourpence.  I  put  the  present  average  royalty  on 
Yorkshire  coal  at  eightpence  per  ton  on  the  total  pro- 
duction. 
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Coal  Royalties  in  Durham  and  Northumberland. 

In  county  Durham  I  find  that  Mr.  J.  B.  Simpson,  as  repre- 
senting the  Durham  Coal  Trade  Association  before  the  Boyal 
Commission,  and  connected  with  both  lessors  and  lessees, 
said  that  the  royalties  in  the  Durham  coal  field  were  about 
one-twelfth  of  the  then  selling  price,  or  about  fivepence  per 
ton,  and  that  there  were  heavy  charges  for  way  leaves  and 
fixed  rent.  In  the  county  of  Northumberland,  Mr.  G.  B. 
Foster,  on  behalf  of  the  Northumberland  Coal  Trade  Associa- 
tion, and  connected  with  lessors  very  largely,  put  the 
royalties  in  his  county  at  from  f ourpence  halfpenny  to  five- 
pence  halfpenny  per  ton.  Sir  C.  M.  Palmer,  M.P.,  and 
one  of  the  Royal  Commissioners,  said  he  knew  one  colliery 
in  Northumberland  which,  on  an  output  of  650,000  tons  a 
year,  paid  a  royalty  of  tenpence  per  ton.  I  shall  pat  the 
average  royalties  in  Durham  and  Northumberland  at  eight- 
pence  per  ton  on  all  coal  raised. 

Coal  Royalties  in  the  Midlands. 
A  high  authority  in  Nottinghamshire,  and  with  extensive 
experience  in  the  coal  field,  puts  the  royalty  per  ton  in  the 
Midlands  as  varying  from  sixpence  to  eightpence  per  ton,  and 
as  that  district  will  know  something  of  the  blessings  of 
overpaid  mine  rents  which  are  peculiar  to  no  county, 
I  shall  venture  to  put  the  average  royalty  on  all  coal 
raised  at  eightpence  per  ton. 

Coal  Royalties  in  Scotland. 
In  Scotland  there  is  a  very  wide  range  indeed.  The 
royalties  are  as  low  as  fourpence-halfpenny  and  as  high  as 
one  shilling  and  fourpence.  Some  forty  or  fifty  years  ago 
coal  royalty  in  Scotland  varied  from  twopence  to  fourpence- 
halfpenny.  During  the  high  years  of  1872-73-74-75  coal 
was  leased  at  one  shilling  and  eightpence  per  ton.  I  shall 
put  the  royalties  in  Scotland  on  the  very  moderate  average 
of  eightpence  per  ton  of  coal  raised. 
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Coal  Rotalties  in  Staffordshire. 

The  Staffordshire  coal  royalties  are  given  me  by  Mr.  Craig 
as  varying  from  sixpence  to  eightpence  per  ton,  not  includ- 
ing overpaid  rents.  I  shall  also  put  this  as  an  average  of 
eightpence  per  ton  on  all  coal  produced. 

Average  Royalty  on  Coal. 

Now  the  districts  I  have  covered — [the  Forest  of  Dean, 
which  is  not  comparatively  a  great  coalfield,  I  have  men- 
tioned elsewhere] — namely,  Lancashire  and  Yorkshire,  and 
Durham  and  Northumberland,  and  Nottinghamshire,  and 
Scotland,  and  Staffordshire — [I  tried  to  get  information 
relating  to  North  and  South  Wales  but  did  not  succeed] — 
represent  the  very  large  proportion  of  all  the  coal  raised 
in  the  United  Eongdom,  and  it  is  perfectly  fair  to  say 
that  on  the  160,000,000  tons  which  we  produce  each 
year,  we  pay  on  fixed  rents  and  wayleaves  and  royalty  an 
average  of  eightpence  per  ton,  which  means  an  annual  tax 
on  our  coal  industry  of  more  than  five  and  a  quarter  millions 
sterling.  But  my  desire  is  to  fortify  myself  as  far  as 
possible,  and  I  cannot  think  my  average  of  eightpence 
excessive  when  I  turn  to  evidence  given  before  the  Royal 
Commission  on  the  Depr^sion  in  Trade,  and  afterwards 
published  not  only  in  the  Parliamentary  Blue  Books,  but 
by  the  British  Iron  Trade  Association  in  a  very  handy  little 
volume,  and  find  that  it  stated  that  the  coal  royalties  of  the 
United  Kingdom  might  be  taken  at  from  sixpence  to  one 
shilling  per  ton. 

Ironstone  Royalties  in  Staffordshire. 

I  also  endeavoured,  in  my  enquiries,  to  obtain  some 
information  about  royalties  on  ironstone.  [The  Forest  of 
Dean  ironstone  royalties  have  been  named.]  In  Staffordshire 
the  calcined  ironstone  is  given  as  two  shillings  per  ton. 
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Ironstone  Royalties  in  Cleveulnd. 

In  the  Cleveland  district  an  elaborate  statement,  placed 
at  my  disposal  by  Sir  Bemhard  Samadson,  M.P.,  and 
Mr.  John  Dennington,  the  able  secretary  of  the  Cleve- 
land Mine  Owners'  Association,  shows  that  the  royalty 
on  Cleveland  ironstone  leased  before  1870  would  average 
fivepence  per  ton,  and  that  leased  during  the  years  lead- 
ing up  to  1874  would  average  sixpence  per  ton ;  but,  as 
Mr.  Dennington  says,  practically  all  the  valuable  ironstone 
in  the  Cleveland  district  has  been  leased  previous  to  1870. 
Mr.  Dennington,  in  the  very  valuable  communication  which 
he  sent  me,  shows  that  in  the  fourteen  years  ending  1863 
the  Cleveland  annual  ironstone  output  was  1,250,000  toiu; 
in  the  nine  years  ending  1872  the  Cleveland  annual  iron- 
stone output  was  3,358,000  tons ;  and  in  the  fourteen  years 
ending  1886  the  Cleveland  annual  ironstone  output  was 
5,941,991  tons,  making  a  total  in  thirty-seven  years  of 
130,909,946  tons,  for  which  £3,000,000  was  paid  in  royalty. 
From  this  40,000,000  tons  of  Cleveland  pig  iron  were  made, 
on  which  the  total  amount  of  royalty  paid  on  the  ironstone 
and  the  coal  (and  the  limestone  reckoned  at  three  halfpence 
a  ton)  has  been  £6,000,000.  Mr.  Dennington  says  "  the 
price  of  pig  iron  had  no  parallel  years  ago  with  present 
prices,  and  royalties  that  were  not  felt  oppressive  then, 
when  iron  making  was  a  profitable  pursuit,  have  since  been 
felt  to  be  otherwise.  As  to  the  remark,  *  You  make  a 
bargain,  and  you  must  stick  to  it,'  there  was  no  bargain 
made  for  the  bad  times  that  have  been  recently  experienced. 
A  sliding  scale  would  seem  to  be  the  right  basis  for  regu- 
lating royalties." 

Ironstone  Royalties  in  Lincoln  and  Northampton. 

In  the  coimties  of  Lincoln  and  Northampton  the  iron- 
stone royalties  will  reach  one  shilling  per  ton. 
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Ironstone  Royalties  on  the  West  Coast. 

The  royalties  on  iron  ore  on  what  is  termed  the  West 
Coast,  which  will  include  Lancashire  and  Cumberland, 
were  given  in  evidence  before  the  Royal  Commission  as  two 
shillings  and  sixpence  per  ton ;  and  Mr.  J.  T.  Smith  made 
the  startling  statement  that  a  diminution  by  one-half  of 
coal  and  iron  ore  royalties  would  relieve  the  manufacturers 
of  steel  rails  to  the  extent  of  five  shillings  a  ton. 

Ironstone  Royalties  in  Scotland. 
In  Scotland  we  find  an  eminent  iron-making  firm  paying 
two  shillings  and  sixpence  per  ton    for    ironstone  now, 
upon  which  some  40  or  50  years  ago  the  royalty  charge 
was  only  twopence. 

Coal  and  Iron  Royalties  for  Ten  Years. 

The    average    yearly    production   of    ironstone    in    the 
United    Kingdom    during    the    past   ten   years    has    not 
been    less    than    16,000,000    tons,    which    at    the     very 
moderate  estimate  of  ninepence  per   ton   on   an  average 
considerably  exceeds  an  annual  royalty  payment  of  half  a 
million  of  money.     The  mining  industry  has  been  depressed, 
that  is  hardly  the  word  now,  we  want  a  stronger  one  to 
express  the  condition  of  affiiirs,  for  ten  years,  and  during 
that  period  wages  have  been  far  from  excessive,  colliery 
proprietors  and  mine  workers  profits  taking  them  all  round 
have  scarcely  been  visible,  and  royalty  owners  have  received 
upon  coal  and  ironstone  and  limestone,  certainly  not  less 
and  probably  more  than  £60,000,000,  out  of  which  nothing 
has  gone  for  local  rates  whilst  the  other  two  parties,  colliery 
proprietors  and  colliery  workmen  have  had  to  pay  all  local 
calls.     Mr.  John  Dennington  writes  me,  that  I  am  right  as 
to  coal ;   the  royalties  pay  no  rates.      But  under  the  Rating 
Act  of  1874,  the  ironstone  lessees  in  Cleveland  can  deduct, 
and  do  deduct,  from  these  royalties,  one  half  of  all  local 
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rates  levied  upon  mines.      Why  one  law  for  iicnstaoe 
royalties  and  another  law  for  coal  ? 

Royalties  on  Tin,  etc.,  in  Cornwall. 

Mr.  William  Thomas,  of  Camborne,  secretary  to  the 
Mining  Association  and  Mining  Institute  of  Cornwall,  tdb 
me  that  mines  in  that  county  generally  pay  "dues"  of 
l-18th  to  l-24th  of  the  produce.  Exceptional  cases  pay 
l-15th.  In  addition  a  Cornish  mine  wouldj  have  to  pay 
JBIOO  an  acre  for  land  taken  up  by  work  heaps,  &c.  There 
are  many  instances,  says  Mr.  Thomas,  in  which  the  landlord 
during  pleasure,  reduces  "dues"  to  l-30th,  l-60th  or 
sometimes  gives  them  up  entirely,  that  would  be  of  conrse 
during  periods  of  depression.  Recently  attempts  have  been 
made  to  introduce  a  sliding  scale,  for  instance  with  tin  at  or 
below  a  fixed  price  l-30th,  and  when  above  that  price 
l-20th  or  l-24th.  The  leases  geocraUy  run  for  21  years, 
and  although  now  it  is  becoming  a  general  custom  to  renew 
leases  without  fines,  a  heavy  fine  is  sometimes  inflicted.  Mr. 
Thomas  continues — If  the  terms  of  the  leases  in  Cornwall 
were  always  enforced  they  would  indeed  be  burdensome, 
but  the  landlords  in  19  cases  out  of  20  are  ready  and 
willing  to  consider  any  case  of  hardship  on  its  merits,  and 
the  result  is  that  landlord  and  mine  worker  can  get  on  fairly 
well  together.  The  infliction  of  the  enormous  fine  of 
£25,000  at  Dolcoath  created  a  very  great  sensation,  and 
such  a  thing  will  not  easily  be  endured  again  in  the  county. 
Public  opinion  was  very  strong,  and  the  same  Dolcoath 
landlord  gave  up  all  dues  at  other  less  productive  mines. 

Salt    Rents    axu    Royalties. 
Mr.  Joseph  Dickinson. 

I  am  indebted  for  the  following  valuable  information  as  to 
rents  and  royalties  in  the  salt  districts  to  the  annual  mining 
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report  of  your  president  in  1881  : — The  rock-salt  and  brine 
are  each  looked  upon  as  real  property,  and  the  terms  for 
and  mode  of  leasing  are  the  same  as  for  ordinary  mineral 
property ;  and  in  the  salt  districts  they  technically  call  a  ton 
of  salt  made  out  of  brine,  a  ton  of  brine.     The  ordinary 
royalty   payable  for  such  salt   seem   to   vary  from  about 
twopence  to   sixpence   per  ton,   the  price  for  black  rock 
usually  varying  about  three  halfpence  under  that  for  best, 
with  a  ground  rent  for  land  occupied  and  usually  a  stipulated 
minimum  rent.     For  brine  the  terms  also  vary  according  to 
circumstances.      Sometimes  the  royalty  is  merged  into  an 
annual  rent  of  so  much,  say  £50  per  Cheshire  acre,  for  the 
land  occupied  for  the  pits  and  salt  works.     For  this  payment 
the  lessee  may  sink  for,  and  pump  brine  for  his  own  use, 
but  for  what  he  sells  off  the  premises  a  royalty  is  payable 
to  the  lessor  of  about  one  penny  or  twopence  per  ton  of 
manufactured   salt,   and   the   price   charged  for  the  brine 
by  the  lessee  who  sells  it  is  from  fourpence  to  sixpence 
per    ton    of    manufactured    salt;    and    about     the     same 
price  is  charged  when  the  owner  of  the  land  is  himself 
at   the  cost  of  sinking   the   shaft,   pumping   and  finding 
pipes  to  a  certain  distance  for  carrying  the  brine  on  the 
surface.    The  highest  price  for  brine  sold  and  delivered  is  said 
to  have  been  one  shilling  per  ton  of  salt  manufactured  from 
it,  with  an  additional  charge  per  Cheshire  acre  for  the  land 
occupied  for  the  salt  works,  each  being  guaranteed  to  a 
certain  amoimt  by  a  fixed  minimimi  rent ;  but  this  proved 
to  be  too  high  and  has  been  reduced ;    and   the   highest 
royalty  now  paid  by  a  lessee  who  sinks  and  works  his  own 
shafts  is  said  to  be  fourpence-halfpenny  per  ton  of  manufac- 
tured salt,  with  an  additional  stipulation  for  ground  rent. 
The  reservoirs  of  brine  in  the  inundated  old  rock  salt  mines 
are  treated  in  the  same  way.   These  stores  are  very  valuable 
but  only  to  those  who  have  legal  access.     No  one  to  whose 
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knd  the  brine  will  not  flmr  mar  paas  his  bonnduy  to  disw 
firam  them ;  an  ontatrcdLe  far  this  porpoee  may  be  arranged 
for,  and  in  one  instance  where  it  is  obtained  the  som  pod 
far  the  pririlege  is  stated  at  twopence  per  tan  of  manii&o- 
tmed  salt,  which,  as  the  firm  sank  their  own  shaft,  and  pon^ 
far  themselTes,  is  considered  eqaiyalent  to  buying  brine  at 
sixpence;  that  is,  by  allowing  fonrpenoe  far  MTilring  and 
pumping,  and  twopence  royalty.  Captain  Townsendt  in 
1881,  owned  three-fourths  of  the  township  of  Wincham,  and 
was  the  lessor  of  acTeral  other  properties.  Messrs.  Parkes 
and  Yeoman  paid  him  yearly  for  ground  rent  jC2d,  without 
haring  the  right  to  sink  for  brine,  and  for  brine  which  the 
lessor  pomps  sixpence  per  ton  of  manofactored  salt.  Mr. 
Child  paid  ground  rent  £100,  with  the  right  to  sink,  and  for 
brine  twopence-halfpenny  per  ton  of  salt.  Mr.  Bull  paid 
ground  rent  £271,  and  for  brine  supplied  sixpence  per  ton 
of  salt.  This  tenant  has  sunk  a  shaft,  and  pays  twopence- 
halfpenny  a  ton  up  to  20,000  tons,  and  twopence  a  ton  after- 
wards. The  tenants,  where  the  lessor  pumps,  j>ay  sixpence, 
and  where  they  pump  for  themselves,  twopence  halfpenny. 
The  terms  of  Lord  Stanley  of  Alderley,  at  Anderton,  were 
originally — land,  £50  per  annum,  brine  rent  for  making 
conmion  salt  and  fine  stove  salt,  one  shilling  and  sixpence 
per  ton.  From  1850  to  1860  many  of  the  works  at 
Anderton  remained  idle.  The  rents  have  now  been  reduced. 
At  Winsford,  in  1881  and  from  1855  the  brine  had  been 
pumped  at  various  rates,  from  fourpence  to  sixpence  per  ton 
of  salt  produced.  Prices  for  the  privilege  of  pumping  brine 
have  had  to  come  down  in  consequence  of  competition  with 
other  districts.  In  one  of  Lord  Stanley  of  Alderley's  leases 
of  40  years  ago,  threepence  per  ton  more  was  paid  than  in 
1881.  As  these  high  leases  expired,  reduction  in  rent  was 
solicited,  but  the  lessor  refused,  and  several  works  remained 
idle.     When   threepence   a   ton   was   taken  off  work  was 
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resumed.  One  tenant  had  occupied  under  Lord  Mansfield 
for  twenty-five  years,  and  during  that  period  had  three 
leases,  each  one  at  an  increase  upon  its  predecessors.  At 
Northwich  the  royalty  upon  white  salt  varies  from  f ourpence 
to  ninepence,  and  about  sixpence  at  Winsford.  Lord 
Delamere  held  as  lessor  all  the  salt  works  on  the  west  side 
of  the  River  Weaver,  from  Newbridge  to  Winsford  Bridge. 
All  his  tenants  were  brine  pmnpers,  the  lessor  having  let  the 
right  of  brine  pmnping  to  them.  The  rental  from  brine 
pumping  is  charged  upon  the  land  in  the  general  lease, 
the  lessor  having  no  specific  royalty;  the  lessees  merely 
pay  so  much  a  year.  Land  well  situated  in  the  neighbour- 
hood of  Winsford,  where  there  is  access  both  by  river  and 
railway,  would  let  for  about  £40  per  Cheshire  acre  for  salt 
works.  Rents  and  royalties  payable  for  and  in  considera- 
tion of  brine  were  in  existence  in  the  time  of  William  the 
Conqueror,  and  the  last  of  the  Saxon  Kings,  with  curious 
customs  and  regulations,  as  shown  in  '*  Domesday  Book." 
The  King  had  two-thirds  and  the  Earl  one-third  of  the 
tolls,  in  which  manner  it  continued  till  the  time  of  Hugh 
Lupus,  Earl  of  Chester.  The  Earl's  salt  pit  at  Nantwich 
was  toll  free,  but  the  produce  was  limited  to  the  purposes  of 
his  own  household.  If  he  sold  any,  account  was  to  be  made 
to  the  king  for  two-thirds  of  the  toll.  At  Middlewich,  a 
man  from  another  himdred  gave  twopence  for  a  horse-load, 
but  a  man  from  the  same  himdred  gave  only  a  halfpenny 
for  a  horse-load.  At  Northwich,  persons  from  other  shires 
were  charged  double  for  a  cartload.  At  Nantwich  for  tolls 
withheld,  forfeitures  were  imposed,  the  freemen  having  to 
pay  ten  times  as  much  as  those  who  were  not  freemen. 
How  all  these  ancient  rights  of  the  Crown  passed  away  does 
not  appear  to  be  known.  Perhaps  disposed  of ;  perhaps  not 
considered  worth  collecting.  They  are  now  possessed  by 
the  freeholder. 
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Salt  Rents  jlhid  Rotalttes.    Mr.  Thomas  Wabd. 

I  have  been  favouied  with  some  valuable  infonna- 
tion  by  Mr.  Thomas  Ward,  of  Norihwich,  a  very  higb 
authority  in  the  salt  trade.  He  says  that  in  1828 
there  were  yarious  methods  of  estimating  salt  royalties. 
In  one  set  of  salt  works  the  brine  consumed  was  charged  at 
£30  per  annum  for  eyery  600  feet  of  evaporating  area  in 
the  pans.  In  another  set  of  works  ['JBIS  per  annum  for 
every  600  feet  of  pan  area,  and  sixpence  per  ton  on  oonmum 
salt  made,  one  shilling  per  ton  on^  fishery  or  rough  sail  In 
another,  having  an  area  of  3a.  3r.  8p.,  there  was  a  sur&ce 
rent  of  £37  per  annimi  and  6d.  per  ton  on  common  salt, 
and  one  shilling  per  ton  on  fishery.  Again,  an  area  of 
18a.  Ir.  35p.  the  yearly  rent  was  £244  and  no  royalty. 
In  all  these  cases  the  parties  sank  their  own  shafts 
and  pumped  the  brine  at  their  own  expense.  Again  in 
rock  salt,  a  mine  and  field  of  4a.  2r.  lip.  paid  £62  per 
annimi;  tenants  sinking  shaft  and  finding  their  own 
machinery.  A  mine  and  fields  overlying,  having  an  area  of 
8a.  2r.  36p.  had  a  rental  of  £200  per  annum  and  sixpence 
per  ton  on  export  rock  salt,  and  threepence  per  ton  on  black 
or  cistern  rock.  Another  mine  and  fields,  area  5a.  3r.  39p., 
rental  £150  and  sixpence  per  ton  export  rock,  and  threepence 
black  rock.  In  1852  a  lease  of  7a.  3r.  was  made  at  £150 
per  annum,  and  f ourpence  per  ton  of  rock  salt  got ;  later 
on  £220  per  annum  for  rock  salt  and  brine  and  surface  for 
works.  Land  for  brine  shaft,  2a.,  rent  £60  per  annum, 
tenant  to  sink  shaft  and  pump  brine.  Mine  and  land  for 
salt  works,  6a.,  surface,  right  to  get  rock  salt  and  pump 
brine  over  about  130a.,  rent  £370  per  annum,  and  threepence 
per  ton  on  all  additional  salt  raised  or  made  over  80,000 
tons  per  annimi.  A  very  recent  lease,  on  very  favourable 
terms,  is  based  upon  a  moderate  surface  rental,  and  a  royalty 
of  twopence  per  ton  on  all  rock  salt  over  8,000  tons  per 
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aEinum,  or  fourpence  per  ton  on  all  white  salt  oyer  12,000 
tons,  the  landlord  pumping  brine.  These  terms  are  excep- 
tional and  peculiar.  In  another  recent  lease  the  tenant 
pays  fiyepence  per  ton  for  brine,  the  landlord  pumping  it. 
Bock  salt  royalties  are  low,  say  threepence  on  the  average. 
An  agreement  for  salt  and  chemical  works  of  present  year, 
gives  a  surface  rent  of  £5  per  statute  acre  of  surface,  a 
royalty  of  threepence  per  thousand  gallons  of  brine,  roughly 
called  a  ton  of  salt,  and  threepence  per  ton  on  rock  salt. 

Lead  Royalties. 

I  am  indebted  to  an  eminent  mining  authority  for  informa- 
tion as  to  royalties  in  the  North  of  England  on  lead.  It  would 
seem  that  previous  to  1882  the  mine  rents  and  mineral 
royalties  were  on  a  similar  basis  to  that  which  still  exists  as 
regards  coal,  namely,  fixed  minimum  rents  and  royalties  per 
ton,  independent  of  selling  prices.  In  1882  proposals  were 
made  to  introduce  a  sliding  scale  fluctuating  according  to 
market  value.  The  proposed  scale  was  as  follows : — ^When  the 
price  of  the  lead  ore  is  at  and  above  £15  per  ton,  the  royalty 
to  be  l-9th  or  1-lOth ;  between  £14  and  £13,  l-12th  or 
l-15th ;  between  £13  and  £12,  l-15th  or  l-18th ;  between 
£12  and  £11,  l-18th  or  l-20th ;  between  £11  and  £10, 
l-20th  or  l-25th  ;  at  and  below  £10,  l-24th  or  l-30th  ;  or, 
all  round,  whatever  the  price,  l-18th  or  l-20th.  And  now 
all  the  principal  lead  royalties  in  the  north  are  regulated  by 
a  sliding  scale  in  relation  to  the  price  of  pig  lead.  The 
following  are  two  sliding  scales  of  royalty  upon  lead  ore  in 
the  North  of  England,  based  upon  the  selling  price  of  pig 
lead : — 
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Price  of  Pig  Lead.  Boyittj. 

Above  £20  per  ton    1-lOtL 

Between  £17  and  £20 1-lltL 

£14and£17 l-12th. 

£13  and  £14 l-13tL 

£12  and  £13 l-14tL 

£11  and  £12 l-15tL 

£10  and  £11 l-lOtL 

At  and  below  £10 l-18th. 

B. 

Price  of  Pig  Lead.  Royalty. 

Above  £21i  per  ton l-7th  to  1-lOth. 

Between  £20    and  £21  i l-Sth  to  1-1 1th. 

£18i  and  £20 l-9th  to  l-12th. 

£17    and£18J 1-lOth  to  1.13th. 

£15i  and  £17 1-llth  to  l-14th. 

£14    and  £15^ l-12th  to  l-lSth. 

Under  £14    1.13th  to  l-16th. 

The  two  proportionate  amounts  of  royalty  as  shown  upon 
the  latter  scale  are  respectively  above  and  below  free  drain- 
age. Perhaps  a  word  or  two  of  explanation  is  needed  as  to 
these  terms,  above  free  drainage  and  below  free  drainage. 
Lead  mining  is  generally  in  mountainous  districts,  and  adit 
levels  are  driven  in  from  the  sides  of  the  valleys  to  the  lead 
veins.  These  adit  levels  drain  the  water  above,  and  answer 
as  haulage  roads  for  the  output.  When  mines  have  to  be 
worked  deeper  than  the  level  of  the  valleys,  shafts  have  to 
be  simk  below  water  level  and  the  water  has  to  be  pimiped, 
hence  the  terms  above  and  below  free  drainage.  When  the 
water  is  drained  by  gravitation  and  the  haulage  accomplished 
by  levels,  the  costs  of  mining  are  less  than  when  water  has 
to  be  pumped  and  the  mineral  produce  raised  up  shafts,  and 
the  difference  in  the  scales  of  royalty  is  partly  to  compensate 
for  the  extra  cost.     It  is  an  equitable  arrangement  by  which 
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the  lessor  can  induce  the  lessee  to  work  the  deeper  mines, 
which  otherwise  the  low  price  of  lead  would  not  allow  the 
lessee  to  do  with  the  extra  attendant  cost.  It  has  been 
fonnd  good  policy  for  the  lessor  to  give  this  premiiun  upon 
deeper  mining.  I  am  informed  that  the  lead  mines  of  the 
North  of  England  are  all  held  by  the  lords  of  the  manor, 
who  generally,  but  not  in  all  cases,  hold  the  surface  lands  as 
well.  I  am  further  informed  that  there  are  in  some  cases, 
but  not  in  all,  fixed  minimum  rents,  mergeable  into  the 
tonnage  royalties,  but  this  is  the  exception  and  not  the  rule. 
I  assume  from  this  that  the  rule  is  tonnage  royalty  only, 
either  by  sliding  scale  or  a  fixed  amoimt  per  ton. 

The  Royal  Commissions  and  Mine  Royalties. 

Royal  Commissions  appointed  by  Parliament  generally  are 
disappointing.  We  expect  too  much,  and  we  get  too  little. 
The  last  Royal  Commission  did  report  that  our  mine  rents 
and  mineral  royalties  formed  a  minor  cause  of  trade  depres- 
sion. The  next  Royal  Commission  will  report  very  much 
more  strongly. 

Mine  Rents  in  other  Countries. 

I  wish  now  to  show  on  the  authority  of  the  Royal 
Commission  on  the  Depression  in  Trade,  how  mineral 
royalties  oppress  English  iron  and  steel  makers,  and  other 
great  users  of  minerals,  and  do  not  oppress  those  with  whom 
we  have  an  ever  increasing  competition.  In  Germany, 
which  in  many  industries  has  been  of  late  years  a  very  keen 
and  tpo  often  a  successful  competitor,  the  ownership  of  coal 
is  vested  in  the  State,  and  also  the  iron  ore.  The  royalty 
upon  coal  is  fixed  at  two  per  cent,  on  the  profits  of  the  under- 
taking, and  on  iron  ore  there  is  no  royalty  at  all.  No  objection 
on  the  part  of  the  owner  of  the  soil  is  allowed  to  prevent  the 
minerals  on  his  property  being  worked,  such  prohibition  being 
considered  as  inconsistent  with  the  interests  of  the  nation.  In 
France,  which  owing  to  some  peculiarity  in  the  climate,  seems 
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to  be  able  to  manufacture  ooke  in  a  manner  and  to  a  profit 
which  although  triedyhas  been  found  unprofitable  in  Tgnglatiil^ 
all  coal  and  all  ironstone  belong  to  the  State.  The  fixed  rente 
are  indeed  nominal,  amounting  to  one  halfpenny  an  acrSp 
and  the  royalty  is  based  upon  five  per  cent,  of  the  profita 
Suppose  we  in  England  make  two  shillings  a  ton  profit  jxfoa 
our  coal,  a  sum  which  would  represent  £16,000,000  sterling 
a  year,  and  a  percentage  upon  capital  which  would  remind 
ms  of  the  good  times  which  come  again  no  more,  or  era 
supposing  we  made  no  profit  at  all  our  royally  charges 
would  average  eightpence  a  ton.  But  if  a  German  colliery 
proprietor  realises  two  shillings  a  ton  profit  his  royalty  would 
be  about  one  halfpenny  a  ton,  and  his  French  rival  would 
have  a  charge  of  one  penny  farthing.  If  neither  of  them 
made  any  profits  neither  of  them  would  pay  any  royalty  at 
all.  In  Belgium  all  the  coal  belongs  to  the  State,  and,  in 
addition  to  a  very  nominal  fixed  rent,  the  royalty  is  two  and 
a  half  per  cent,  on  the  profits.  Ironstone  there  practically 
is  none  in  Belgium,  at  any  rate  scarcely  any  is  worked. 
The  minerals  in  Spain  also  belong  to  the  State,  and  are 
leased  on  nominal  terms.  I  shall  no  doubt  hear  it  said  that 
whether  minerals  belong  to  the  State  or  to  private  owners 
the  system  of  basing  on  profits  is  wrong,  and  although  we 
have  seen  that  the  arrangement  is  not  confined  to  the  Con- 
tinent of  Europe,  but  prevailed  in  England  also,  I  quite 
agree  that  the  system  is  not  a  good  one,  although  I  gather 
from  the  reports  of  meetings  of  mining  companies  in  Corn- 
wall it  is  finding  a  good  deal  of  favour  there.  Good 
management  may  realise  profit  in  working  when  bad 
management  will  realise  loss,  and  in  my  opinion,  whatever 
may  be  the  futute  of  mining  and  mineral  royalties  these 
latter  should  not  depend  on  profits.  But  the  non-introduction 
of  just  remedies  naturally  tends  to  the  encouragement  of 
proposals  that  are  not  just. 
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Comparative  Effbcts  of  Mineral  Royalties  at 

Home  and  Abroad. 

But  let  us  see  how  tlie  mineral  royalties  of  England  affect 
us  in  competition  in  manufactures.     In  England  mineral 
royalties  affect  pig-iron  on  an  average  four  shillings  and 
flizpence  a  ton,  plates  for  shipbuilding  five  shillings  and 
ninepence  a  ton,  and  steel  rails  five  shillings  and  sixpence  a 
ton.     In  France  the  mineral  royalties  are  on  pig-iron  eight- 
pence  a  ton,  on  plates  for  shipbuilding  one  shilling  and  three 
halfpence  a  ton,  and  on  steel  rails  elevenpence  a  ton.     In 
Gfermany  the  mineral  royalties  are  on  pig-iron  sixpence  a 
ton,  on  plates  for  shipbuilding  one  shilling  a  ton,  and  on 
steel  rails  eightpence  halfpenny  a  ton.     So  that  under  this 
head  of  mineral  royalties   England  has  burdens  of  four 
shillings  and  fourpence  per  ton  on  pig-iron,  four  shillings 
and  ninepence  per  ton  on  plates  for  shipbuilding,  and  four 
shillings  and  ninepence  per  ton  on  steel  rails,  of  which  our 
German  competitors  know  nothing,  and  four  shillings  and 
twopence  per  ton  on  pig-iron,  and  four  shillings  and  seven- 
pence  per  ton  on  plates  for  shipbuilding,  and  four  shillings 
and  sevenpence  per  ton  on  steel  rails,  of  which  our  French 
rivals  know  nothing ;   and  we  have  to  compete  with  these 
nations  in  the  markets  of  the  world.     I   am  well  aware 
that    in    England    we    have    some    very    great    natural 
advantages,  that  our    seams    of    coal  and    other  minerals 
are  valuable  in   themselves,   and  lie   conveniently  to  our 
great  industrial  centres,  and  from  our  limited  area  lie  close, 
comparatively,  to  the  sea  board;  also  that  our  workmen, 
man  for  man,  will  probably  raise  more  minerals  than  in 
the  coimtries  abroad,  and  that  we  have  the  best  appliances 
and  the  most  skilled  management.     That  makes  my  argu- 
ment all  the  stronger.     We  nearly  do  hold  our  own  against 
the  world  as  it  is.     We  could,  by  the  removal  of  artificial 
drawbacks,  beat  any  and  every  one  of  our  competitors. 
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Sir  Isaac  Lowthian  Bell  on  Minsral  Botaltisk. 

Sir  Isaac  Lowthian  Bell's  remarks  after  and  upon  tliii 
comparison  are  at  once  so  strong  and  so  fair,  and  express  so 
mucli  better  than  I  can  do,  and  with  so  much  more  foroeb 
that  I  quote  him.  He  was  speaking  or  writing  not  qdte 
two  years  ago,  and  matters  industrially  are  not  better  mm 
than  then.  **  In  the  present  depressed  state  of  the  inn 
trade  in  the  United  Kingdom,  while  ironworkers  and  mine 
owners  are  working  at  a  rate  which  gives  practically  no 
profit  to  the  capital  employed,  and  in  many  cases  resuUs  is 
a  loss,  it  is  widely  felt  as  a.  grievance  that  landlords  to  whom 
royalties  aro  payable  receive  full  amount  reserved  by  tlie 
leases.  It  is  contended  that,  should  the  present  low  pricei 
continue,  those  engaged  in  mining  in  this  country  must  be 
reduced  to  bankruptcy,  and  a  great  industry  must  be  extin- 
guished unless  the  royalty  receivers  are  willing  to  abate 
something  of  their  legal  rights,  which  now  give  them  very 
nearly  ten  per  cent,  of  the  manufactured  article."  Mr.  Craig 
puts  the  charges  on  Staffordshire  pig-iron  at  fifteen  per  cent 
of  the  selling  price.  Mr.  J.  B.  Simpson,  of  the  Durham  Coal 
Trade  Association,  said  that  in  Durham,  without  making  any 
allowance  for  way-leaves  or  over-paid  rents,  the  royalty  on 
coal  was  one-twelfth  of  the  selling  price.  Mr.  Alfred  Hewlett 
said  that  in  Lancashire  the  coal  royalties  amounted  to  ten 
per  cent,  of  the  selling  price.  Sir  Isaac  Lowthian  Bell 
continues : — "  Royalties  in  minerals  resemble  in  the  relation 
to  the  cost  of  production  and  the  price  paid  by  the  con- 
sumer the  rent  paid  by  agricultural  land.  That  is  to  say  8 
royalty  will  only  be  payable  when  the  demand  for  minerals 
exceeds  the  supply  which  can  be  procured  in  the  easiest  and 
cheapest  manner,  and  the  theoretic  royalty  will  be  the 
difference  in  cost  between  the  cost  of  production  and  placing 
in  the  common  market  of  the  more  favourably  situated 
mine,  and  that  which  is  most  expensive  to  work,  and  yet  can 
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be  worked  at  a  profit.  But  in  practice  most  lessees  of  mine 
are  in  the  enjoyment  of  a  beneficial  lease,  not  at  a  rack 
rent,  for  mining  leases  are  necessarily  usually  for  a  longer 
period  than  agricultural  tenancies,  owing  to  the  need  of  the 
lessee  for  security  of  tenure  on  account  of  the  large  amount  of 
the  fixed  capital  required  in  opening  up  a  new  mine.  Thus  as  a 
new  mining  district  is  opened  up,  the  more  remote  or  poorer 
deposit  in  a  growing  trade  will  be  leased  possibly  at  as  high 
a  royalty  as  the  richer  or  more  accessible  mines,  which  were 
leased  when  the  prospects  of  the  district  were  less  assured. 
But  even  now  the  owners  of  minerals  in  the  less  favourably 
situated  mines  are  forced  in  a  losing  trade  to  make  con- 
cessions to  their  lessees,  though  they  are  able  if  they  hold 
out  for  their  full  legal  rights  to  see  all  the  capital  of  the 
tenant  made  valueless  before  the  loss  begins  to  fall  upon 
them  with  regard  to  their  royalty.  The  subject  has  been 
receiving  a  good  deal  of  attention  and  the  injustice  has 
been  remarked  on,  of  the  workmen  having  their  wages 
reduced,  and  the  railway  companies  having  their  fares 
lowered,  and  the  colliery  proprietors  receiving  no  return  on 
their  capital,  while  the  royalty  owners  remain  unaffected 
during  the  long  continued  depression.  The  remedy  recom- 
mended in  some  quarters  has  been  a  drastic  one,  namely, 
confiscation  of  landlords  rights.  "I  have  not,"  says  Sir 
Isaac  Lothian  Bell,  ''  in  my  experience  met  a  single  lessee 
who  disassociates  the  right  of  his  landlord  to  the  minerals 
any  more  than  he  would  question  his  title  to  the  surface. 
As  is  known,  when  the  profits  were  very  high,  the  land- 
lords had  to  be  content  with  the  same  rents  that  they  received 
under  a  very  different  condition  of  things.  It  has,  however, 
to  be  remarked  that  the  present  royalties  were  arrived  at  by 
previous  experience  of  the  value  of  the  produce  of  the  mine, 
and  there  is  no  reason  to  doubt  that  if  the  present  prices  of  iron 
had  been  contemplated  as  possible  when  the  leases  wer 
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entered  into,  some  provision  would  have  been  made  for  sodi 
a  contingency.  It  would  seem,  tliereforey  open  for 
consideration  whether  by  means  of  a  sliding  scale,  the 
payments  of  the  landlord  should  not  be  dependent  on  the 
market  value  of  the  mineral,  a  system  which  in  some  cases 
has  already  been  adopted."  Such  was  the  reasoning  of  Sir 
Isaac  Lowthian  Bell,  who  spoke  with  an  unsurpassed 
authority  as  a  colliery  proprietor  and  an  iron  and  sted 
maker,  who  probably  knows  more  of  these  industries  aD 
over  the  world  than  any  other  man,  and  who  certainly  has 
no  tinge  of  the  doctrine  of  confiscation,  and  his  reasoning  at 
two  years  ago  has  equal  and  possibly  increased  force  now. 
The  sliding  scale  proposal,  to  vary  with  market  value,  is 
finding  much  favour  all  over  the  United  Kingdom,  and  is 
certainly  a  much  fairer  arrangement  than  a  percentage  of 
profit.  There  is  good  reason  to  believe  that  most  of  the 
ancient  leases  of  coal  either  gave  the  lessor  a  moderate  fixed 
rent,  and  the  lessee  could  get  as  much  as  he  pleased  without 
any  tonnage,  or  else  the  lessor  was  entitled  to  a  certain 
fraction  of  the  output.  A  Scotch  correspondent  informs  me 
that  the  very  old  leases  of  the  Duke  of  Portland  were  on 
these  latter  lines,  and  a  Lancashire  friend  suggests  that 
probably  the  tithe  arrangement  of  one  tenth  of  the  market 
value  prevailed. 

Conclusion. 
The  Duty  of  Royalty  Receivers. 

The  somewhat  onerous,  and  I  fear  somewhat  too  difficult 
a  duty  which  I  have  undertaken  is  about  completed,  and  I 
have  endeavoured,  however  inefficiently  and  insufficiently, 
to  discharge  it  fairly.  I  do  not  represent  either  royalty 
owners,  or  colliery  proprietors,  or  workers  in  England's  indus- 
tries ;  I  am  simply  here  as  a  citizen  interested,  as  all  citizens 
should  be,  in  the  welfare  of  the  nation ;  and  I  have  gladly 
availed   myself   of  assistance   and  information    from   any 
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reliable  quarter.  To  all  who  have  helped  me  I  tender  my 
aiiicere  thanks.  I  contend  that  the  amount  of  mineral  rent 
paid  per  ton  in  the  United  Kingdom  is  too  high  and  must 
be  reduced.  The  certain  rents  which  were  fixed  when  prices 
were  higher  and  expenses  lower,  are  also  too  high,  and  must 
be  reduced  and  provision  made  whereby  amounts  already 
overpaid  can  be  recouped.  Many  colliery  lessees  are 
responsible  for  certain  rents,  work  or  play,  representing  more 
ooal  than  they  can  possibly  raise,  and  more  than  they  could 
sell  if  they  did  raise  it.  Allowances  are  not  made  for 
physical  difficulties  of  which  nothing  could  be  known  when 
the  leases  were  taken  and  the  pits  sunk.  One  eminently 
well-managed  firm  pays  over  £50,000  a  year  for  dead  work 
in  crossing  faults  which,  could  they  have  been  anticipated, 
the  leases  would  never  have  been  taken  by  anybody.  A 
comparatively  small  colliery  has  at  present  to  face  an 
expenditure  of  £1,300  to  get  at  coal,  and  rent  will  go  on 
while  this  £1,300  is  being  spent  although  no  coal  will  be 
got.  Surely  during  the  period  of  such  expensive  and 
unforeseen  operations  rent  should  be  suspended.  A  colliery 
firm  in  Scotland  expended  £50,000  in  opening  out  a  mine, 
and  found  that  remunerative  work  was  impossible,  and 
relief  being  refused  the  mine  ceased  work.  An  im- 
portant concern  of  more  than  50  years'  standing  and 
excellent  repute,  could  not  contend  with  existing  leases  and 
has  gone  into  voluntary  liquidation.  How  many  others  may 
soon  have  to  follow?  I  have  endeavoured  to  show  how 
vitally  important  the  mining  industry  is  to  England,  and 
that  it  is  crippled  and  cripples  kindred  industries  on  which 
not  only  our  prosperity  but  wellnigh  our  existence  as  an 
industrial  nation  depends.  The  expenses  of  mineral  produc- 
tion have  increased  to  a  degree  which  could  not  have  been 
foreseen;  and  these  expenses  will  not  only  not  diminish, 
but  in  all  probabiUty  increase.     Every  Act  of  ParUament 
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relatiiig  to  minea  adds  to  the  cost  of  prodaction.  Will  my 
man  say  that  we  have  seen  the  end  of  Parliamentaiy  legis- 
lation affecting  mines  P  Competition  in  many  lands  hsi 
reduced  prices  to  an  extent  which  any  man  to  haye  predic- 
ted twenty  years  ago  would  have  been  considered  mad,  and 
that  increasing  competition  makes  any  substantial  improve- 
ment in  prices  impossible.  Does  any  one  dispute  the 
increasing  competition?  In  1860  America  did  not  make 
1,000,000  tons  of  pig  iron.  Last  year  that  great  off'-shoot  of 
England  made  nearly  7,000,000  tons,  being  an  increase  of 
seven  hundred  per  cent.  Twenty  years  ago  America  made 
2,550  tons  of  steel  rails.  Last  year  the  production  was  2J 
million  tons,  leading  even  England  by  a  long  way.  In  the 
matter  of  steel  manufacture  by  our  own  English  baaic 
process,  England  made  in  two  years  combined  623,092  tons. 
Germany  in  the  same  period  made  1,986,395  tons.  Whilst 
preparing  this  paper  an  ironmaster  informed  me  that  even 
in  the  manufacture  of  products  to  be  used  in  steel  manufac- 
ture, which  for  some  years  has  been  carried  on  in  England 
with  some  success,  our  German  competitors  have  stepped  in 
and  arc  playing  havoc  with  our  trade.  Wages  in  England 
cannot  go  much  lower.  Profits  have  well  nigh  vanished, 
and  bankruptcy  is  within  measurable  distance.  The 
paralysis  of  our  mining  and  iron  and  steel  industries  would 
be  a  terrible  calamity  to  England.  Relief  must  come  from 
the  quarter  which  has  experienced  nothing  of  the  effects  of 
our  unparalleled  depression,  namely,  in  an  abatement  of  the 
conditions  of  mining  leases  and  the  amounts  of  mineral 
royalties.  Public  opinion  is  ripe.  I  have  letters  from 
members  of  Parliament  who  are  determined  to  take  action 
during  the  present  session,  and  already  bills  have  been  pre- 
pared by  Mr.  Maskell  Peace,  Mr.  Acland,  M.P.,  and  Mr. 
Conybeure,  M.P.  Mr.  Burt,  M.P.,  has  given  notice  of  a 
resolution.     I  shall  be  told,  and  have  been  told,  that  as  a 
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matter  of  fact  royalty  owners  do  now  make  a  reduction,  but 
that  deduction  is  simply  an  isolated  aad  temporary  conces- 
sion during  the  good  pleasure  of  the  lessor,  and  gives  the 
lessee  no  security  for  his  capital  and  little  hope  for  the 
fature.      Firms  with   hundreds  of  thousands  of    pounds 
inyested  want  something  more  substaatial  in  the  way   of 
security  than  mere  expectation  of  temporary  relief  by  a  well- 
intentioned  landlord.     To  make  an  allowance  at  will  this 
half-year  or  next  half-year  is  a  hand-to-mouth  method  of 
dealing  with  a  very  serious  question  which  demands  most 
drastic  treatment.     I  press  the  matter  home  to  the  royalty 
owners,  because  they  have  revelled  in  the  luxury  of  a  settled 
income,  settled  in  happier  times,  with  pleasant  reminiscences 
and  hopeful  prospects,  while  those  who  have  borne  the  heat  and 
burden  of  the  day,  the  toilers  and  the  spinners  of  the  mining 
and  kindred  communities,  have  given  their  time  and  their 
money,  their  genius,  and  even  their  lives,  contending  with  a 
condition  of  things  which  they  did  not  make  and  could  not 
prevent,  and  hoping  on  for  a  better  time  which  has  not 
arrived.     Hope  deferred  maketh  the  heart  sick ;  depression 
hopelessly  prolonged  has  driven  the  ablest  and  sturdiest  of 
English  citizens  into  a  condition  well  nigh  of  despair. 
There  remains  one  promised  land  to  which  they  look,  and  I 
earnestly  trust  that  they  will  not  look  in  vain.     We  have 
had  not  only  in  England,  but  in  other  lands,  cases  where 
moderate   relief  has  been  too  long  postponed,   and  more 
drastic    relief    has    been    enforced.      The  best  safeguard 
against  revolution  is  reform,  and  the  strongest  preventive 
against  the  doctrine  of  confiscation  is  wise  concession.     I 
ask  the  royalty  owners  of  the  United   Kingdom,  in   the 
interests  of  the  mining  and  iron  and  steel  industries,  and  of 
the  nation,  and  of  themselves,  to  be  wise,  and,  above  all, 
remembering  the  progressive  and  democratic  age  in  which 
we  live,  to  be  wise  in  time — there  is  danger  in  delay. 
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APPENDIX. 


COAL    ROYALTIES    IN    THE    OLDHAM    DI8TBICT. 


Kindly  furnished  to  Mr.  Dickinson,  the  President,  hj 
Wm.  Blackbume,  Esq.,  Civil  and  Mining  Eng^eer,  Oldluun, 
with  reference  to  Mr.  Percy's  Paper. 


During  the  past  50  years  I  am  of  opinion  from  the  most 
reliable  information  which  I  have  personally  been  enabled 
to  obtain,  that  the  actual  royalty  or  rent  paid  to  the  land- 
lords for  the  most  valuable  and  important  seams  of  ooal 
worked  at  the  separate  collieries  in  this  district  have  not 
been  reduced  in  amoimt  to  any  considerable  extent  until  the 
last  10  years.  The  seams  of  coal  to  which  I  now  particularly 
refer  are  as  follow,  viz. : — ^The  Black  Mine,  the  Eoyley 
Mine,  the  Mountain  Mine,  the  Moston  Mine,  the  Gbeot 
Mine,  the  Little  Mine,  the  Higher  Bent  Mine,  and  the 
Lower  Bent  Mine. 

The  Black  Mine  has  been  worked  at  the  following 
collieries,  viz : — ^The  Lowside  Colliery,  the  Glodwick  Colliery, 
the  Chamber  Colliery,  the  Oak  Colliery,  the  Denton  Lane 
Colliery,  the  Femey  Field  Colliery. 

The  average  thickness  of  the  mine  at  Lowside  Colliery 
and  Glodwick  Colliery  was  four  feet.  The  average  thick- 
ness at  the  other  before  mentioned  collieries  was  three  feet 
six  inches  to  three  feet  nine  inches.  The  royalty  paid  at 
Lowside  Colliery  was  £450  a  statute  acre,  or  an  average  of 
Is.  6d.  per  ton.  The  royalty  paid  at  Glodwick  Colliery  was 
£400  a  statute  acre,  or  an  average  of  Is.  4d.  per  ton.  The 
royalty  or  rent  paid  at  the  other  mentioned  collieries  was  on 
a  proportion  of  the  selling  price  per  ton  at  the  pit  mouth. 
This  mine  is  of  first-class  quality,  and  generally  produces  a 
large  proportion  of  house  fire  coal ;  a  considerable  quantity 
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was  forwarded  as  far  as  Manchester  for  sale,  and  the  good 
quality  of  the  mine  was  admitted  throughout  most  parts  of 
Iiancashire  ;  but  at  the  present  time  this  coal  is  only  being 
worked  at  Denton  Lane  Colliery,  and  the  entire  field  in  this 
district  is  well  nigh  exhausted. 

In  addition  to  the  above-stated  royalty  at  Lowside 
Colliery,  a  landage  or  way-leave  charge  was  paid  to  the 
landlord  of  the  estate  on  which  the  pits  were  situated, 
amounting  to  £15  for  each  and  every  statute  acre  gotten 
from  under  the  adjoining  estates. 

The  Great  Mine. 

This  mine  was  worked  at  Lowside  Colliery  and  Glodwick 
Colliery,  and  the  average  thickness  was  about  seven  feet 
nine  inches,  and  the  price  paid  for  royalty  at  Lowside 
Colliery  was  £325  per  statute  acre,  or  say  about  sixpence 
per  ton. 

The  royalty  paid  for  the  same  mine  worked  at  Glodwick 
Colliery  was  £300  per  statute  acre.  The  quality  of  this 
mine  was,  to  a  great  extent,  very  inferior,  but  about 
eighteen  or  twenty  inches  was  equal  to  Black  Mine,  and 
oftentimes  mixed  and  sold  with  the  latter  named  mine  at 
Lowside  Colliery. 

BrOYLKY  Mine. 

This  mine  has  been  very  generally  worked  in  the  district 
at  the  following  collieries,  viz.  : — the  Oak  Colliery,  the 
Chamber  Colliery,  the  Stockfield  Colliery,  the  Hartford 
Colliery,  the  Hunt  Clough  Colliery,  the  Robin  Hill  Colliery, 
the  Hanging  Chadder  Colliery,  the  Royton  Park  Colliery, 
the  Low  Crompton  Colliery,  the  Bent  Grange  Colliery,  and 
several  others. 

The  average  thickness  of  this  mine  is  from  two  feet 
eight  inches  to  two  feet  ten  inches,  and  the  royalty  paid  at 
Hartford  Colliery,  Robin  Hill  Colliery,  and  Bent  Grange 
Colliery  was  about  £175  per  statute  acre,  or  an  average  of 
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lOd.  to  10^.  per  ton.  The  royalty  paid  in  several  of  the 
out-townships,  namely,  Royton  and  Crompton,  was  at  s 
reduced  rate  in  most  instances. 

This  mine  is  a  good,  useful  steam  coal,  and  very  servio^- 
able  in  the  opinion  of  local  cotton  spinners. 

The  Bent  Mines. 

The  Higher  and  Lower  Bent  Mines  have  been,  or  are 
being,  worked  at  the  following  collieries: — ^The  Lowside 
Colliery,  the  Oak  Colliery,  the  Femey  Field  Colliery,  the 
Honeywell  Lane  Colliery,  the  Hunt  Clough  Colliery,  the 
Denton  Lane  Colliery,  and  others. 

The  royalty  actually  paid  at  Lowside  Colliery  for  these 
mines  was  under  the  first  lease  £162  10s.  Od.  per  statute 
acre,  and  under  the  second  lease  £90  per  foot  per  statute 
acre  for  each  mine,  and  the  average  thickness  of  the  Higher 
Bent  Mine  was  2ft.  and  the  Lower  Bent  Mine  2ft.  3in.,  or 
an  average  of  Is.  per  ton. 

The  quality  of  these  mines  is  first  class. 

The  Little  Mine. 

This  mine  was  worked  at  Lowside  Colliery,  and  the 
royalty  paid  was  £100  per  statute  acre,  and  the  average 
thickness  was  two  feet,  or  say  eightpence  per  ton. 

This  mine  was  of  good  quality,  and  oftentimes  sold  along 
with  Black  Mine  at  Lowside,  and  several  engineers 
requested  to  have  a  proportionate  mixture  of  four-fifths 
Black  Mine  and  one-fifth  Little  Mine. 

Mountain  Mine. 

This  mine  has  been  worked  at  the  following  collieries : — 
The  Barrowshaw  Colliery,  the  Hanen  Colliery,  the  Sholver 
Colliery,  the  Bankhouse  Colliery,  the  Jubilee  Colliery,  and 
others. 

The  royalty  paid  was  equal  to  about  sevenpence  hal^nny 
to  one  shilling  per  ton. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pawt  XVIII.  Vol.  XIX.  Sessiok  1887-8. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  April  lOth,  1888,  at  the  Booms  of  the  Manchester 
Literary  and  Philosophical  Society,  George  Street. 

The  President,  Mr.  Joseph  Dickinson,  F.G.S., 

in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen  were  balloted  for  and  unani- 
mously elected  Ordinary  Members  of  the  Society,  namely : — 
Mr.  Sydney  Arthur  Smith,  Mining  Engineer,  18,  Booth 

Street,  Manchester. 
Mr.  James  Grundy,  one  of  Her  Majesty's  Inspectors  of 

Mines. 


ON    THE    ARTIFICIAL    BEPRODUCTION    OF 
MINERALS    AND    ROCKS. 

By  Mr.  Vaughan  Cornish. 


In  the  mode  of  treatment  of  my  subject  in  the  present 
paper  I  shall  be  guided  by  the  circumstance  that  I  am  here 
as  a  chemist  addressing  geologists.  The  application  of  the 
ihcts  I  shall  bring  before  you  to  geological  problems  can  be 
better  made  by  the  geologist  than  by  the  chemist.  I  shall, 
therefore,  refer  but  slightly  to  such  applications,  and  devote 
myself  chiefly  to  a  description  of  the  methods  employed  in 
mineralogical    synthesis.        These    methods    having    been 
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developed  in  the  laboratories  of  the  ohenuat  and  will  ooiue- 

quently  l>e  lesB  within  the  usual  range  of  the  geologiif  i 

reading. 

•        •        •        • 

It  has  frequently  been  the  subject  of  remark  that  tbs 
products  obtained  in  the  ordinary  processes  of  chemial 
work  generally  differ  in  important  particulars  from  thoie 
naturally  occurring  minerals  which  have  the  same  chemkd 
composition.  Thus,  Barium  Sulphate  is  precipitated  hj 
double  decomposition  as  a  fine  amorphous  powder,  toj 
different  in  appearance  from  the  mineral  Barytes.  Again, 
Sulphide  of  Zinc  is  precipitated  as  a  white  amorphous  pow- 
der, which  appears  to  have  little  in  common  with  the 
mineral  Blende.  The  silica  separated  in  ordinaiy  chemiod 
operations  is  not  Quartz, — ^nor  is  the  alumina  so  obtainsd 
Corundum.  Lastly,  by  the  fusion  of  silicates  we  generally 
obtain  a  glassy  mass,  differing  altogether  from  those  crystal- 
line aggregations  which  constitute  eruptive  rocks.  Such 
discordancies  led  to  the  belief  formerly  entertained  that  the 
processes  by  which  minerals  were  formed  in  nature  were  in 
no  way  related  to  the  conditions  of  the  chemical  laboratoiy. 
Not  only  were  enormous  pressure  and  terrific  temperature 
invoked  at  every  turn  to  account  for  these  differences,  but 
immense  periods  of  time  were  supposed  to  be  needed  for  the 
formation  of,  perhaps,  a  single  crystaL  The  last  considera- 
tion would  naturally  act  as  a  deterrent  from  experimentation, 
since  to  the  minds  of  many  it  would  appear  useless  to 
undertake  this  class  of  work  now. 

It  is  to  the  scientific  men  of  France  that  we  owe  the 
modifications  of  our  ordinary  chemical  methods  by  which 
a  large  proportion  of  naturally  occurring  minerals  have 
been  reproduced,  as  well  as  certain  associations  of  minerak 
constituting  an  important  class  of  eruptive  rocks.  The 
methods  which  I  will  now  proceed  to  describe  have  been 
elaborated  by  the  French  workers  during  the  last  forty  years. 
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The  products  obtaioed  by  them  are  in  all  cases  of  small 
mxe,  and  the  identi6cation  of  these  products  with  natural 
minerals  needs  all  the  resources  of  micro-crystallography 
and  often  of  micro-chemical  analysis.  Into  the  methods  of 
•determination  I  cannot  enter  here^  but  I  may  mention  that 
the  examples  given  in  the  paper,  only  include  cases  where 
this  examination  appears  to  have  been  conducted  with 
adequate  care. 

In  the  case  of  many  insoluble  substances  formed  in  the 
wet  way  by  double  decomposition,  it  is  found  that  the 
assumption  of  crystalline  form  depends  merely  on  the  rate 
-of  reaction.  If  this  be  retarded  sufficiently,  we  obtain 
products  identical  with  the  natural  minerals.  This  has 
been  shown  to  be  the  case  with  Barytes,  Anglesite, 
Witherite,  Fluor,  and  others.  The  devices  employed  by 
Fr^my,  Mac6,  and  others  include,  connection  of  the  liquid 
by  a  thread  of  asbestos,  dialysis  through  parchment  or  a 
porous  partition,  and  the  placing  of  cracked  flasks  containing 
the  liquids  in  a  vessel  containing  water,  into  which  the 
liquids  slowly  diffuse  through  the  cracks. 

H.  St.  Claire  Deville  has  shown  that  by  frequently 
repeated  heating  and  cooling  in  water  of  a  substance  almost 
insoluble  (as  Sulphate  of  Barium),  an  amorphous  precipitate 
may  be  worked  up  into  crystals.  The  small  'quantity  of 
substance  dissolved  on  the  first  heating  deposits  on  cooling 
in  minute  crystals.  These  grow  further,  as  the  result  of 
the  second  heating  and  cooling  operations.  As  the  double 
process  is  repeated,  the  larger  crystals  grow  continually  at 
the  expense  of  the  smaller,  since  they  present,  relatively  to 
iheir  mass,  a  smaller  extent  of  surface  to  the  solvent. 

Here  we  have  a  case,  where  the  amount  of  effect  certainlv 
depends  on  the  time.  It  is  in  such  cases,  where  repeated 
change  of  conditions  produces  an  augmented  effect  that  I 
should  be  inclined  to  attribute  potency  to  those  prolonged 
periods  of  action  so  frequently  invoked.     In  other  cases,  if 
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the  efiEeot  is  to  be  inoreaaed  by  prolonging  an  action^  tbe 
conditions  must  remain  absolutely  constant  throagboai 
Such  a  constancy  of  conditions  is  scarcely  in  aoooidance 
with  our  usual  experience  of  natural  phenomena. 

It  is  to  H.  St.  Claire  Deville  that  we  owe  the  extended 
application  of  the  ''  mineralising  "  action  of  certain  yolatik 
bodies,  as  hydrochloric  acid  and  hydrofluoric  acid,  which 
may  be  caused  to  effect  the  crystallisation  of  an  amorphoas 
substance  or  the  transportation  of  a  crystalline  substance. 
The  mineralising  agent  leaves  no  trace  behind  in  the  pro- 
duct, and,  its  work  done,  disappears  from  the  scene.  The 
method  is  especially  applicable  to  the  formation  of  minerals 
such  as  Haematite,  Casiterite,  the  Oxide  of  Titanium,  in  its 
three  forms,  and  Corundum. 

As  an  example  of  this  method,  I  will  instance  the  re- 
production of  the  three  forms  of  oxide  of  titanium  bj 
Hautefeuille.  By  passing  a  current  of  hydrochloric  acid 
gas  over  an  alkaline  fluoride  and  the  amorphous  precipitated 
oxide  of  titanium,  he  obtained,  when  the  substances 
were  strongly  heated,  Butile ;  when  the  heat  was  not  so 
great  the  second  form,  Brookite,  was  obtained  ;  whilst  the 
third  form,  Anatase,  is  only  deposited  in  those  portions  of 
the  apparatus  where  the  temperature  is  below  100®  C.  By 
various  modifications  of  method  Hautefeuille  was  able  to 
reproduce  not  only  the  three  mineral  species  of  oxide  of 
titanium,  but  even  the  varieties  of  each  of  these  species. 

The  superior  solvent  powers  of  volatile  substances  under 
pressure  at  high  temperatures  was  utilised  by  Seuarmont  for 
the  reproduction  of  the  sulphides,  as  Pyrites,  Blende,  and 
Proustite.  He  heated  the  ordinary  precipitated  substances 
in  a  scaled  glass  tube,  with  a  solution  of  sulphuretted 
hydrogen,  which  had  been  saturated  imder  pressure.  The 
substances  dissolved,  and  on  cooling,  separated  out  in  the 
forms  of  the  naturally  occurring  crystals. 

Similarly,    carbonates,  as   Siderite   and   Magnesite,  were 
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obtained  in  the  cliaracteristic  rhombohedra  by  heating 
them  in  a  sealed  tube,  with  water  saturated  with  carbonic 
acid  under  pressure. 

It  is,  however,  frequently  necessary  to  employ  pressures 
far  higher  than  those  thus  obtainable.  The  apparatus  em- 
ployed by  MM.  Friedel  and  Sarasin  for  operations  con- 
ducted in  the  wet  way  at  a  high  temperature  under  pres- 
ware,  consists  of  a  strong  steel  tube  lined  inside  with 
platinum,  lest  the  super-heated  water  should  attack  the 
steel.  The  method  of  closing  is  as  follows  : — Between  the 
steel  cover  and  the  tube  is  a  lamina  of  platinum  which, 
being  squeezed  out  when  the  cover  is  screwed  down,  serves 
to  render  the  closure  more  certain.  Four  large  screws, 
each  secured  by  a  nut  at  either  end,  pass  through  the  lid 
and  the  upper  (projecting)  portion  of  the  tube.  The  tube 
is  furnished  at  either  end  with  a  similar  arrangement,  this 
facilitating  the  cleaning  of  the  tube.  Such  an  apparatus 
may  be  heated  to  SOO^C,  or  a  dull  red  heat.  It  is  im- 
portant that  the  temperature  shoidd  be  maintained  constant 
during  the  prolonged  period  of  these  operations.  For  this 
purpose  a  cast-iron  stove  is  employed  capable  of  accom- 
modating six  of  these  tubes.  In  the  same  stove  is  placed 
the  porcelain  bulb  of  an  air  thermometer,  which  serves  at 
once  to  indicate  the  temperature  and,  being  placed  in  con- 
nection with  a  Darsonval's  regulator,  to  regulate  auto- 
matically the  supply  of  gas  for  heating  the  stove. 

Daubr^e,  who  first  employed  an  apparatus  similar  to  that 
described,  obtained  well  crystallised  quartz  by  the  action  of 
water  on  glass.  More  recently,  Friedel  and  Sarasin  have 
transformed  amorphous  silica  into  Quartz  and  Tridymite. 
By  heating  together  sUicate  of  potash,  silicate  of  alumina 
and  water,  they  obtained  at  the  same  time  Quartz  and 
Orthoclase.  It  must  be  observed,  however,  that  the  ortho- 
cdase  obtained  does  not  present  the  form  known  as  the 
Garlsbad  twin,  and  that  the  quartz  is  rather  the  quartz  of 
Teins  than  that  of  eruptive  rocks. 
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There  has  been  reoently  demmboiin  Naiure  the  appantw 
by  which  Gailletet  has  obtained  temperatures  up  to  die 
melting  point  of  platinum  whilst  operating  under  pressure. 
The  pressure  is  obtained  by  passing  gas»  previously  com- 
pressed by  a  mercury  pump,  into  a  strong  steel  cyUnder. 
Through  the  lid  of  the  cylinder  pass  rods  connected  with  the 
poles  of  an  electric  battery,  which  are  within  the  cylinder. 
By  means  of  the  electric  discharge  the  temperature  can  be 
raised  to  the  fusion  point  of  platinum.  The  employment  of 
this  apparatus  may  be  expected  to  give  results  beyond 
the  reach  of  former  methods.  Its  great  advantage  lies  not 
only  in  the  high  temperature  obtainable  but  in  the  circom- 
stance  that  this  is  obtained  by  heating  the  substanee 
experimented  on  directly,  whilst  the  materials  of  the 
cylinder  are  less  strongly  heated,  and  hence  the  appantoi 
is  less  liable  to  deterioration  by  use.  This  advantage  ii 
possessed  also  by  the  electrical  furnace  for  smelting  ref  ractoiy 
ores.  Cailletet  has  repeated  the  experiment  of  Hall  on  the 
conversion  of  chalk  to  marble.  Whilst  a  crystalline  product 
was  obtained,  as  in  Hall's  experiment,  the  fusion  of  the 
carbonate  was  not  observed.  Hall  stated  that  in  his  ex- 
periments the  carbonate  was  fused,  and  this  statement  Iiae 
been  frequently  quoted.  It  must  be  borne  in  mind,  however, 
that  Hall  was  ignorant  of  chemical  analysis,  and  possessed 
no  adequate  means  for  the  determination  of  his  products. 

The  experiments  of  Spring  on  the  effect  of  pressure  alone, 
without  an  elevation  of  temperature,  are  of  great  interest 
The  powdered  substance  operated  on  is  placed  in  a  small 
steel  cylinder,  exhausted  of  air,  in  which  works  a  piston 
driven  by  a  strong  steel  lever,  to  the  extremity  of  which 
weights  are  attached.  At  a  position  near  the  point  of  appli- 
cation of  the  weights,  the  lever  is  supported  by  a  stirrup 
attached  to  a  screw  working  in  a  nut ;  the  screw  having  i 
fine  thread  and  being  furnished  with  a  large  milled  head. 
The  lever  descends  on  the  turning  of  the  milled  head,  and 
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by  this  artifice  the  pressure  is  operated  so  slowly  that  the 
temperature  of  the  experimental  cylinder  is  not  raised  by 
more  than  half  a  degree  centigrade.  The  pressures  obtained 
in  the  experiments  ranged  to  10,000  atmospheres.  By 
operating  on  copper  and  an  excess  of  sulphur,  a  block  was 
obtained  with  a  crystalline  fracture,  and  possessing  the 
composition  of  cuprous  sulphide.  The  excess  of  sulphur 
was  disseminated  through  the  mass.  It  is  to  be  observed 
that  in  the  combination  of  copper  and  sulphur,  to  form 
cuprous  sulphide,  there  is  a  diminution  of  volume,  126  parts 
by  weight  of  copper,  and  32  parts  by  weight  of  sulphur, 
occupying  138  volumes ;  whilst  158  parts  by  weight  of 
cuprous  sulphide,  occupy  only  100  volumes. 

By  the  employment  of  this  method,  Spring  was  not  able 
to  effect  the  conversion  of  chalk  to  marble.  A  pressure 
of  5000  atmospheres  gave  merely  a  mass  possessing  a 
coherence  and  texture  similar  to  that  of  the  sticks  employed 
for  writing  on  the  blackboard. 

I  will  now  pass  to  the  consideration  of  the  method  of 
igneous  fusion  by  which  alone  have  been  obtained  associations 
of  minerals  constituting  veritable  reproductions  of  eruptive 
rocks.  The  constant  failure  of  the  earlier  workers  to 
produce  by  igneous  fusion  any  member  of  the  Feldspar 
group,  the  most  important  minerals  of  many  eruptive  rocks, 
discouraged  further  work  in  this  direction.  MM.  Fouqu^ 
and  L^vy,  however,  attacked  the  subject  in  1878^  and  in  the 
course  of  three  years'  work  succeeded  in  reproducing  a  large 
Tariety  of  the  basic  feldspathic  rocks.  The  rocks  of  the 
acid  and  intermediate  series,  however,  have  as  yet  resisted 
all  attempts  at  reproduction. 

The  considerations  which  guided  Messrs.  Fouqu6  and 
L^vy  in  the  adoption  of  their  experimental  method,  were  as 
follows : — 

Since  the  temperature  of  fusion  of  a  crystalline  substance 
is  above  that  of  the  glass  which  results  from  it,  the  melt 
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mint  be  raised  above  tbe  fosioii  poini.  Secondly,  tbis  teoh 
perature  must  be  maintained  for  a  oonaiderable  time,  in  order 
that  the  partioles  may  have  opportunity  to  groap  tbemaehv 
in  the  viaoous  fluid,  in  whioh  they  must  be  auppoeed  to  man 
but  alowly. 

Lastly,  it  is  observed  that  in  many  eruptive  rocks  there 
appear  to  have  been  two  epochs  of  crystallisation.  Thui^  is 
Olivine  Basalts,  the  Olivine  crystals  appear  to  belong  to  s 
first  epoch  of  crystallisation,  the  other  constituents  of  die 
rock  being  grouped  round  them  in  microliths.  The  experi- 
mental operation  must  therefore  be  divided  into  two  periodi. 

The  substances  employed  were  placed  in  a  platinum  cru- 
cible of  20  cubic  centimetres'  capacity,  enclosed  in  the  furnace 
of  Lederc  and  Forquinon.  The  position  of  the  crucible  in  Hie 
furnace  can  be  changed  as  it  is  desired  to  alter  the  tempe^ 
ature.  The  constancy  of  the  temperature  in  any  position  is 
assured  by  the  employment  of  an  arrangement  due  to 
Damoiseau,  for  obtaining  a  constant  blast  of  air  in  the  blow- 
pipe. In  this  arrangement  the  blast  is  regulated  by  the  rate 
of  escape  of  water  from  the  orifice  of  a  conical  vessel.  The 
apparatus  employed  enables  any  temperature  up  to  that  at 
which  platinum  melts,  to  be  maintained  constant  for  prac- 
tically any  length  of  time. 

The  reproduction  of  an  Olivine  Basalt  was  conducted  ai 
follows : — ^Materials  of  the  requisite  composition  were  placed 
in  the  crucible  and  raised  to  a  white  heat.  This  temperature 
was  maintained  for  48  hours.  The  crucible  was  then  brought 
to  the  position  where  the  temperature  was  that  giving  a 
bright  red  heat,  and  maintained  thus  for  other  48  houra. 
A  sample  taken  out  at  the  end  of  the  first  half  of  the  opera- 
tion showed,  on  cooling,  crystals  of  Olivine,  accompanied  by 
Magnetite  in  a  brown-coloured  glassy  base.  The  product 
obtained  at  the  end  of  the  second  half  of  the  operation  showed 
the  same  crystals  of  Olivine  in  a  base  composed  of  long 
mioroliths  of  Labradorite,  and  short  mioroliths  of  Augite* 
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together  with  more  Magnetite.  The  characterB  of  the  pro- 
ducts formedi  as  revealed  by  microscopic  examination,  agree 
in  every  detail  with  those  of  the  natural  minerals,  and  the 
rock  formed  is  precisely  similar  in  character  to  certain 
natural  Basalts  of  Auvergne. 

Among  the  many  rocks  prepared  by  MM.  Fouqu^  and 
L^vy,  may  be  mentioned  an  artificial  Leucite  Lava.  It  is 
interesting  to  note  that  the  Leucite  of  the  artificial  product 
presents  the  well-known  rounded  angles  of  the  natural 
Leucites  of  Leucite  Lavas. 

The  same  workers  have  applied  their  method  successfully 
to  the  elucidation  of  the  composition  of  the  so-called 
Plagioclase  Feldspars. 

Of  the  method  of  reproduction  of  minerals  by  fusion 
with  a  flux  I  will  say  little,  since  the  conditions  appear  to 
diverge  widely  from  those  obtaining  in  the  natural  form- 
ation of  minerals,  and  are  consequently  of  less  interest  to 
geologists.  The  method  is  of  importance  nevertheless  in 
that  it  has  been  applied  to  the  extension  of  the  number  of 
members  of  certain  mineral  species  (as  the  Apatites)  ;  and 
in  that  it  may  be  employed  to  discriminate  the  true  from 
the  accidental  constituents  of  minerals.  Thus  certain  sub- 
stances in  the  act  of  crystallisation  invariably  include  matter 
Irom  the  magma  out  of  which  they  crystallise.  By  varying 
the  nature  of  this  magma,  it  is  evident  that  the  necessary 
constituents  of  the  mineral  may  be  ascertained. 


Mr.  Stirrup  moved  a  vote  of  thanks  to  Mr.  Cornish  for 
very  valuable  communication  on  a  branch  of  geology 
which,  he  said,  had  not  often  been  brought  before  the 
Society.  Mr.  Cornish  had  given  them  a  very  good  idea  of 
the  accurate  methods  now  employed  in  the  investigation  of 
some  of  the  problems  of  Chemical  Geology.  They  knew, 
of  course,  that  the  metamorphism  of  many  rocks  was 
toought  about  by  pressure  or  by  heat,  but  there  had  been 
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▼arioiiB  opimcmB  expressed  as  to  the  mode  of  opentti<m  of  then 
fonses,  and  few  attempts  liad  been  made,  in  England,  to  poTsv 
inquiries  of  tliis  kind.  As  Mr.  Cornish  had  said,  the  in- 
vestigations had  been  carried  out  chiefly  by  Frenchmen, 
and  the  members  were  much  indebted  to  the  lecturer  fiar 
the  excellent  diagrams  and  the  explanation  of  the  elaborate 
mechanical  appliances  used  in  these  experiments.  The 
motion  was  seconded  by  Mr.  Wild. 

The  Prbsidrnt,  in  putting  it  to  the  meeting,  said :  I  have 
not,  for  a  long  time,  listened  with  more  pleasure  to  any 
paper  than  I  have  to  this.      It  is  not  that  there  is  anything 
specially  entertaining  in  it,  but  it  really  gives  you  some 
correct  lines  of  thought  to  go  upon ;  it  leto  you  see  the 
processes  of  nature  as  carried  out  in  accordance  with  certain 
definite,  fixed  and  unalterable  laws.    It  is  seldom  that  we 
have  been  able  to  produce  mineral  forms  as  they  appear  m 
the  earth,  as  Mr.  Cornish  tells  us  now  some  of  them  haye 
been  produced,  though  under  certain  altered  circumstances. 
Pressure  and  heat  seem  to  be  the  two  great  forces  which 
are  brought  in  to  obtain  some  of  these  resulte.     There  are  so 
many  points  to  think  of  in  this  paper,  that  I  should  not  like 
to  commit  myself  to  any  summary  of  it  off-hand — indeed  I 
am  not  capable  of  doing  it ;   but  there  are  one  or  two  points 
that  any  of  us  can  form  opinions  upon,  and  ask  questioBB 
about.     There  is  the  transformation  for  instance,  of  chalk 
into  marble.     This,  if  I  mistake  not,  has  been  done  on  s 
large  scale  in  nature.      What  we  have  as  the   chalk  in 
England  is  a  beautiful  white  marble  in   the    North   of 
Ireland,  with  the  corresponding  fossils  and  corresponding 
position  in  the  geological  series, — ^but  one  is  white  marble 
and  the  other  is  chalk.      In  the   neighbourhood  of  that 
chalk,  also,  we  have  the  conversion  of  many  of  the  surround- 
ing beds  into  basalt,  showing  that  there  had  been  some 
action  going   on — ^probably  heat — which   had  caused  the 
change.     Then,  again,  there  is  the  formation  of  artifidal 
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basalt  by  fusion.  I  Have  fused  basalt  many  hundreds 
of  times,  but  I  have  never  been  able  to  fuse  it  into 
the  same  form  in  which  I  obtained  it  from  the  ground. 
There  is  a  certain  crystalline  granular  structure  in  the 
natural  basalt,  whilst  you  find  a  glassy  structure  after 
fusion.  Sixty  years  ago  Mr.  John  Leithard,  of  the  Ashton 
Moor  lead  mines,  made  some  experiments  by  passing  slow 
galvanic  currents  through  mixtures  of  different  kinds  of 
rock,  and  by  continuing  that  slow  action  for  months  he 
gradually  formed  the  different  kinds  of  rock  back  again, 
each  into  its  own  stratum.  However,  the  paper  read  by 
Mr.  Cornish  was  not  one  for  consideration  off-hand. 

Mr.  Cornish,  in  responding,  said:  The  experiments  on 
carbonate  of  lime  were  undertaken  in  order  to  test  the  point 
whether  marble  was  really,  as  had  been  said,  formed  from 
chalk.  It  was  supposed,  from  the  evidence  of  the  sur- 
roimding  rocks,  that  the  action  had  been  that  of  heat ;  but 
it  was  well  known  that  by  heating  chalk  they  simply  drove 
off  the  carbonic  acid.  It  was  converted  into  quicklime.  The 
question,  then,  was — How  was  it  possible  for  heat  to  have 
acted  when  they  knew  that  heat  destroyed  the  substance  P 
This  led  Hall,  at  the  end  of  last  century,  to  make 
some  experiments  in  order  to  see  whether  some  modifying 
action  might  not  be  produced  by  pressure.  His  paper  was 
entitled :  **  On  the  action  of  heat,  as  modified  by  pressure," 
and  he  showed  that,  when  the  pressure  was  sufficient,  the 
carbonic  acid  did  not  come  off,  and  the  chalk  was  converted 
into  marble.  With  regard  to  the  basalts,  and  the  experiments 
by  fusing  them,  the  results  of  the  earlier  experiments  were 
precisely  similar  to  what  the  President  had  stated.  It  was 
known  that,  in  fusing  a  crystalline  rock,  you  obtain  a  glassy 
substance.  Then  it  was  found  that  by  heating  basalt  a 
sufficient  length  of  time,  and  allowing  it  to  cool  slowly,  a 
rock  not  absolutely  glassy  could  be  obtained.  Messrs. 
Fouqu6  and  L6vy  attacked  the  problem  in  the  light  of  these 
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experiments  and  of  their  own  observational  work,  and  tke 
result  was  embodied  in  the  elaborate  work  to  whiok 
reference  had  been  made. 


BOULDERS    IN    COAL    SEAMS. 


Mr.  Stirrup  read  the  following  communication  from 
Mr.  Herbert  A.  Woodward,  which  was  accompanied  bj  three 
boulders  taken  out  of  the  Trencherbone  Mine,  at  the  New- 
town Collieries : — 

'^As  it  is  probable  I  shall  not  be  present  when 
the  paper  on  boidders  is  read  to-day,  and  which  I  regret,  I 
send  you  three  boulders  lately  found  in  the  Trencherbone 
Mine,  at  our  Newtown  Collieries;  they  were  all  found 
singly  and  in  much  the  same  position  as  those  described  in 
a  former  communication,  viz.  resting  on  a  parting  in  the  coal 
seam  of  a  quarter  of  an  inch  thick  of  smudge  (see  Part 
XVI.,  page  410,  Sketch  D),  at  depth  of  950  to  1,000  feel 
from  the  surface ;  20  or  more  have  been  found  in  an  area 
of  1,000  square  yards  very  similar  to  those  sent.  Tou  will 
notice  that  one  has  a  peculiar  groove  in  it,  and  that  the 
smallest  is  of  a  quadrangular  shape  and  not  rounded  off  at 
the  ends." 

ON    THE    OCCURRENCE    OF     BOULDERS     AND 

PEBBLES    IN    THE    COAL    MEASURES. 

By  Mr.  W.  S.  Greslet,  Assoc.M.Inst.C.E.,  F.G.S. 

Mr.  Mark  Stirrup  having  quite  recently  gone  so  fully  into 
this  most  interesting  subject  (see  Transactions  of  the  Man.^ 
Chester  Geological   Society,  Vol.   XIX.,   Part   XVL),   th^^ 
object  of  this  communication  is  to  supplement  his  reference^^ 
to  certain  boulders,  obtained  chiefly  from  the  coal  itself,  b^^ 
quoting  instances  of  the  occurrence  of  others  which  hav^^ 
either  come  under  the  writer's  special  notice,  or  have  beeC^^ 
otherwise  heard  of  or  described. — ^Boulders  and  pebbles  no' 
only  found  embedded  in  coal  seams  and  lying  in  the  rooi 
but  "erratics"  occurring  in  the  floors  or  underlays  of  coal  bed^- 
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Taking  those  from  out  of  the  coal  seams  or  from  the  over- 
lying beds  first,  we  find  that  Phillips,  in  his  "  Manual  of 
Geology/'  1855,  p.  225,  mentions  the  finding  of  a  boulder 
composed  of  quartzite  or  hard  sandstone  in  a  coal  bed  near 
to  Newcastle-on-Tyne. 

In  the  Natural  History  Museum  of  that  town  is  a  group 
of  small  boulders  (some  being  pebbles),  amongst  which  is 
one  from  the  "  Main  "  seam*  at  Cockfield  pit.  Another  one 
came  from  the  top  of  the  Three-quarterf  coal  at  Lands  pit, 
1867.  Eight  others  in  the  same  museum  are  not  labelled. 
The  composition  of  all  these  stones  seems  very  similar, 
namely,  grey  quartzites.     They  are  all  well  rounded. 

In  the  celebrated  grindstone  quarries  of  Messrs.  R. 
Kell  &  Co.,  near  the  same  town,  a  rounded  foreign  pebble 
was  found  last  year.  It  occurred  in  the  centre  of  a  large 
block  of  stone,  at  a  depth  of  15  feet  from  the  surface  of  the  bed. 
Not  knowing  the  exact  locality  of  the  quarry,  the  writer  is 
unable  to  say  from  what  geological  horizon  the  pebble  came. 

Near  Burntisland,  at  Pettycur,  in  Fifeshire,  a  large  lump 
of  transported  rock  of  volcanic  origin,  17in.by  15in.by  12in., 
was  found  embedded  in  the  Carboniferous  strata  some  years 
eince,  but  it  had  the  aspect  of  a  bomb  rather  than  of  a 
boulder.  Pebble-like  stones,  of  a  hard  reddish-brown  rock, 
are  sometimes  met  with  in  the  flagstone  quarries  in  the 
neighbourhood  of  Leeds. 

The  author  has  seen  a  notice  of  a  boulder  found  in  the 
coal,  at  Norbury,  near  Stockport. 

Several  instances  of  the  finding  of  water-worn  and 
travelled  boulder  stones  have  come  from  the  coal  measures 
of  North  Derbyshire.  Mr.  G.  Buxton,  formerly  of  Ilkeston, 
relates  that  about  thirty  years  ago,  one  was  met  with  in  the 
**  Lower  Hard  "  coal  seam,  near  that  town,  but  what  became 

*  Probably  the  lowest  workable  seam  of  the  upper  coal  measures  of  County 
Ihirbam  is  the  same  as  the  Brockwell  seam  of  Wallsend. 

t  There  are  several  seams  in  Northumberland  and  Durham  called  '*  Three- 
^^ftrter." 
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of  it  he  does  not  know.     A  rounded  boidder  of  white  qi 
is  said  to  have  been  obtained  from  out  of  a  bed  of  coal 
where  in  the  Midland  coal  field,  and  the  writer  undei 
that  Mr.  A.  H.  Stokes,  F.G.S.,  Inspector  of  Mines,  saw 

Again,  at  Oakerthrope  Colliery,  Derbyshire,  about  1 
year  1855,  in  the  roof  of  the  **  Bottom  Soft "  seam,  at 
derived  from  some  of  the  Lake  District  rocks  and  not 
depth  of  135  yards,  a  layer  of  well-rounded  boulders 
pebbles  (?  Quartzite),  was  seen  by  Mr.  Aaron  Slater, 
then  bailiff  there,  who  tells  me  that  the  boulders  lay  ji 
on  the  top  of  the  coal-seam  in  a  lenticular  patch  of 
which  took  the  place  of  the  regular  sandstone  roof, 
area  of  the  roof  occupied  by  these  stones  (which  were 
in  a  heading),  was  about  15  feet  by  7  feet.  He  d< 
them  as  "  hanging  like  eggs  in  the  roof.*'  The  aui 
mentions  it  particularly,  because  it  is  an  instance  wh( 
the  matrix  of  the  pebbles  was  nhale  which  had  probal 
replaced  the  sandstone,  and,  according  to  Slater's  descripti( 
not  a  case  of  a  local  patch  of  shale  between  the  coal-se 
and  the  roof  rock.  (See  Fig.  1).  He  assured 
the  stones  were  bond  fide  well-rounded,  very  hard  bouldei 
and  pebbles,  and  not  nodules  of  Ironstone.  This  is  all 
could  tell  rae  about  this  very  interesting  and  curioi 
discovery.  In  North  Wales,  the  late  Mr.  Binney  said, 
pebble  had  been  found  in  the  Rydgaled  mine.  And 
Farrimond,  in  1862,  exhibited  what  is  described  as  " 
rounded  piece  of  white  quartz,  which  had  been  found  in 
bed  of  coal "  (the  Lower  Mountain  Mine  of  Dunkenhalgl 
Park,  near  Church.)  (See  Transactions  of  the  Manchesi 
Geological  Society,  Vol.  III.,  page  342). 

In  1877,   Prof.  A.  G.  Lebour,  gave  a  paper  in  which  h< 
called  attention  to  certain  rounded  and  subangular  pebble 
of  quartz  and  quartzite,  which  had  been  found  in  a  bed 
carboniferous  shale  in  Westmoreland.     These  stones  wei 
he  remarked,  **  all  of  the  same  character,  and  were  probaU] 


vems. 
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of  it  he  does  not  know.     A  rounded  boulder  of  white  quarti  ^ 
is  said  to  have  been  obtained  from  out  of  a  bed  of  coal  some- 
where in  the  Midland  coal  field,  and  the  writer  undi 
that  Mr.  A.  H.  Stokes,  F.G.S.,  Inspector  of  Mines,  saw 

Again,  at  Oukerthrope  Colliery,  Derbyshire,  about 
year  1855,  in  the  roof  of  the  **  Bottom  Soft "  seam,  at  a 
derived  from  some  of  the  Lake  District  rocks  and  not  from  ^ 
depth  of  135  yards,  a  layer  of  well-rounded  boulders  andr; 
pebbles  (P  Quartzite),  was  seen  by  Mr.  Aaron  Slater,  the"" 
then  bailiff  there,  who  tells  me  that  the  boulders  lay  jostt 
on  the  top  of  the  coal-seam  in  a  lenticular  patch  of 
which  took  the  place  of  the  regular  sandstone  rooiL* 
area  of  the  roof  occupied  by  these  stones  (which 
in  a  heading),  was  about  15  feet  by  7  feet  He 
them  as  **  hanging  like  eggs  in  the  roof."  The  a 
mentions  it  particularly,  because  it  is  an  instance  whereft^ 
the  matrix  of  the  pebbles  was  shale  which  had  probablyU 
replaced  the  sandstone,  and,  according  to  Slater's  description, 
not  a  case  of  a  local  patch  of  shale  between  the  coal-seani 
and  the  roof  rock.  (See  Fig.  1).  Ho  assured  me 
the  stones  were  bond  fide  well-rounded,  very  hard  boulders 
and  pebbles,  and  not  nodules  of  Ironstone.  This  is  all  he 
could  tell  me  about  this  very  interesting  and  curiouaL* 
discovery.  In  North  Wales,  the  late  Mr.  Binney  said,  a 
pebble  had  been  found  in  the  Rydgaled  mine.  And  Mr. 
Farrimond,  in  1862,  exhibited  what  is  described  as  "» 
roimded  piece  of  white  quartz,  which  had  been  found  in  a 
bed  of  coal "  (the  Lower  Mountain  Mine  of  Dunkenhalgli 
Park,  near  Church.)  (See  Transactions  of  the  Manchester 
GcK)logical  Society,  Vol.  III.,  page  342). 

In  1877,  Prof.  A.  G.  Lebour,  gave  a  paper  in  which  he 
called  attention  to  certain  rounded  and  subangular  pebbles^ 
of  quartz  and  quartzite,  which  had  been  found  in  a  bed  of 
carboniferous  shale  in  Westmoreland.  These  stones  were, 
he  remarked,  "  all  of  the  same  character,  and  were  probably 
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In  the  carboniferous  rocks,  near  Dublin,  we  are  told  that 
granite  and  other  rock-fragments  are  met  with. 

In  1865,  the  late  Mr.  W.  Molyneux,  F.G.S.,  reported 
the  occurrence  of  "  large  rounded  quartz  pebbles  in  shales 
and  ironstones,  lying  near  the  base  of  the  Upper  Thick 
measures  at  Apedale,"  North  Staffordshire,  namely,  about 
the  middle  of  the  coal  measures  of  that  coalfield,  which  are 
about  6,000  feet  thick ;  and  he  says  "  in  another  case  a  large 
siliceous  water-worn  boulder,  some  pounds  in  weight,  was 
met  with  at  a  fault  at  a  considerable  depth  in  one  of  the  pits 
in  the  Cheadlo  coalfield."  In  April,  1887,  the  Leeds 
Mercury  published  some  account  of  discoveries  of  boulders  in 
and  overlying  coal  beds  at  Wortley,  by  Mr.  Charles  Brown- 
ridge,  F.G.S.,  who  had  read  a  paper  entitled  "Notes  on 
Four  Boulders  found  in  the  *  Black-Bed,'  coal  and  overlying 
shales  and  ironstones  at  Wortley.  The  "  Black-Bed  "  over- 
lies the  **  Better-Bed,"  and  the  boulders  described  occurred 
at  about  30  feet  below  the  surface.  The  largest  (a  coarse 
gritstone)  measured  2  feet  6  inches  by  2  feet,  had  a  fairly 
smooth,  polished  surface,  with  slight  striao.  This  one  was 
found  in  the  shale  just  over  the  coal  seam.  **  The  other 
three  (pebbles)  were  much  smaller  in  size,  varying  from 
11  inches  by  9  inches  to  3^  inches  by  2^  inches,  and  were  all 
found  embedded  in  the  *  Black-Bed '  coal  itself.  One  of  the 
specimens  was  a  fine-grained  grit,  the  other  two  being 
quartzites."  The  writer  is  indebted  to  Mr.  Brownridge  for 
the  above  particulars. 

In  a  colliery  in  Shropshire,  a  water-worn  pebble  of  lead 
ore  was  taken  (by  Mr.  George  Spencer)  from  the  top 
of  a  coal  seam  in  the  workings.  He  also  met  with  a 
boulder,  or  rather  a  pebble,  about  4^  inches  in  diameter 
(P  quartzite)  in  the  roof  of  the  "  Main  "  coal*  in  the  Heather 
Colliery,  Leicestershire.     Two  years  ago  the  writer  obtained 

*  This  ''  Main  '*  coal  is  probably  one  of  tbe  "  Lount  '*  seams,  namely,  near 
to  the  base  of  the  middle  coal  measures. 
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a  smooth,  flattisb,  quartzite  pebble  from  the  middle  of  the 
*'  Roaster  "  coal  of  Coleorton,  in  the  same  district  as  Heather. 
This  bed  of  coal  underlies  the  "  Lount  **  seams,  and  is  at 
CSoleorton  about  2  feet  10  inches  thick,  and  the  pebble  lay  at 
12  inches  from  the  top  of  it.    This  pebble  appears  to  contain 
worm-burrows.   In  1883  a  scattered  group  of  four  much  largw 
stones  was  discovered  in  the  "  Lount  Nether '  coal  at  the 
same  mine,  all  completely  embedded  in  the  coal,  and  500 
yards  away  from  them  another  boulder  of  the  same  character 
was  found  in  the  same  coaL     Professor  T.  G.  Bonney,  who 
very  kindly  examined  one  of  these  erratics  both  macros- 
copically  and  microscopically,  tells  me  that  it  is  like  some  of 
the  more  compact  quartzites  in  the  pebbles  of  the  Bunter  in 
Staffordshire,  and  in  the  Loch  Maree  district ;   and  that  a 
similar  rock  occurs  on  the  Torridon  road,  about  three  miles 
from  Kinlochcwe,  in  Sutherlandshire,  Scotland.    These  boul- 
ders and  pebbles  from  the  "  Lount "  seam  at  Coleorton  were 
found  about  80  or  90  yards  from  the  side  of  a  "horse"  or 
'*  wash-fault "  of  a  width  of  100  yards ;  but  that  they  could 
have  any  connection  with  one  another  seems  unlikely.    A  year 
or  two  since  the  Brisbane  Courier  noticed  the  discovery,  at  the 
Clifton  Coal  Mines,  in  Queensland,  of  "  a  layer  of  water- 
worn  quartz  pebbles,  (was)  found  on  the  top  of  the  coaL" 
This  was  at  80  feet  from  the  surface.    New  Zealand  also  has 
furnished  very  similar  pebbles.     Before  passing  on  to  some 
account  of  boulders  or  pebbles  found  underneath  coal  seams, 
it  may  be  well  just  to  refer  to  the  occurrence,  in  South 
Wales,  of  pebbles  composed  of  cannel  coal,  met  with  in  the 
roof  of  a  seam  of  ordinary  coal,  by  Sir  W.  Logan,  in  1840. 
These  pebbles  occurred  in  a  seam  of  indurated  clay.    He  also 
discovered  coal  pebbles  in  the  Pennant  sandstones  in  con- 
siderable abundance  (Proceedings  of  the  Geological  Society, 
Vol.  III.,  page  276).    The  late  Sir  H.  de  la  Beche  also  found 
coal  pebbles  in  several  areas  of  the  coalfield  both  in  Mon- 
mouthshire and  Glamorganshire  (Memoir  of  the  Geological 
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Surrey,  Yol.  I.,  pages  193  and  194).  Mr.  H.  E.  Jordan^ 
F.G.S.,  mentions  the  occurrence  of  granite  pebbles  associated 
with  coal  pebbles  near  the  base  of  the  Pennant  series.  Also 
of  coal  pebbles  up  to  the  size  of  a  hen's  egg  in  the  sandstone 
forming  the  roof  of  the  ''Bock  Fawr"  coal  seam  near 
Bridgend.  (Quarterly  Journal  of  the  Geological  Society^ 
VoL  XXXIII.,  page  932.) 

Again,  in  the  Kanawha  Valley,  West  Virginia,  Mr.  Stuart 
M.  Buck,  of  Coalberg,  stated,  in  1881,  that  in  a  sandstone 
roof  '^  in  one  place  where  a  fall  of  roof  occurred,  exposing  a 
section  of  sandstone,  it  showed  a  number  of  blocks  of  coal 
embedded  in  the  rock  ;  not  stringers  or  layers,  but  angular 
blocks  of  '  splint '  (hard,  dull-lustred,  coarse,  fibrous,  pure 
ooal),  as  well-defined  as  though  they  had  been  picked  off  a 
ooal  car  and  placed  in  the  sand  while  it  was  being  deposited.'^ 
In  the  same  year,  when  driving  a  heading  partly  in  the 
*'  Main  "  coal  and  partly  in  the  underbed,  at  Moira  Colliery, 
in  Leicestershire,  the  Manager  (Mr.  Buxton)  noticed  a  large 
angular  or  rugged  block  of  coal  completely  enveloped  in  the 
floor  of  the  seam,  measuring  about  1ft.  7in.  across,  and 
about  1ft.  thick.  That  this  lump  of  coal  must  have  been  an 
erratic,  appears  evident.  The  writer  never  saw  it,  as  it  waa 
broken  up  cind  lost  sight  of  before  he  heard  of  its  discovery. 

Travelled  Stones  in  Underbeds  of  Coal-seams. 
About  20  years  ago,  lying  immediately  beneath  the 
•*  Little  **  or  "  Five-feet "  coal-seam,  at  Church  Gresley,  in 
Derbyshire,  (Ashby-de-la-Zouch  Coal-field),  at  a  depth  of 
630  feet — ^a  seam  of  great  regularity  and  occupying  a 
position  180  feet  above  the  "  Main "  coal  which  lies  as 
nearly  as  possible  in  the  centre  of  the  coal-measures  of 
the  district,  (see  Fig.  3)  a  boulder,  described  by  the 
late  Mr.  Molyneux,  F.G.S.,  of  Burton-on-Trent,  as  "  com- 
posed of  hard,  crystalline  sandstone,  dotted  with  small,, 
angular  quartz  pebbles,  having  a  smooth,  well-worn  surface: 
it  measures  ten  inches  in  diameter  by  six  inches  thick,  and 
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in  this  latter  partioiilar  oorresponded  exactly  witb  the 
ihioknesB  of  the  day  (the  nnderblay  of  the  'litUe* 
coel-aeam)  in  which  it  reposed.''  Fig.  2  shews  the 
relatiye  position  of  ooal,  nnderday  and  this  remaikahk 
wanderer.  The  writer  has  made  evezy  effort  to  find  out 
what  became  of  this  stone,  but  no  trace  of  it  seems  to  be 
had.  HoweYer,  three  years  ago,  a  gronp  of  five  little  hazd, 
light  grey,  quartsite  pebbles  were  unearthed  by  the 
''holders''  in  the  same  seam  in  the  same  mine,  whilst  last 
year  a  sixth  was  met  with  about  100  yards  away  from  the 
other  five.  The  rock  of  which  this  last  mentioned  pebble  is 
composed  is  a  quarts  conglomerate  with  a  few  grainB  of 
some  black  mineral  (probably  tourmaline).  All  these  are 
well-rounded,  and,  excepting  for  the  colour  of  their  sur&oee 
are  just  such  pebbles  as  we  may  pick  up  any  day  when 
Buntor  Conglomerate  occurs  at  surface.  They  were  all 
found  embedded  in  the  "  underclay  "  just  below  the  coal  as 
shown  in  Fig.  2. 

Now  it  is  a  point  worthy  of  special  note,  that  the  underbed 
in  question  is,  strictly  speaking,  not  a  fire-clay,  but  it  rests 
upon  a  seam  of  inferior  fire-clay  in  which  may  be  seen  the 
usual  so-called  Stigmaria  roots  and  rootlets  (Fig.  2). 
The  underbed  containing  the  erratics  is  a  deposit,  arenaceous 
rather  than  argillaceous  ;  it  is  a  distinctly  laminated  stratum, 
and  contains  numerous  fossil  fragments  of  Lepidodendra, 
SigillarisD,  &c.,  and  sometimes  Stigmaria) ;  but  the  writer 
(although  he  has  for  many  years  been  on  the  look-out  for  an 
instance)  has  never  yet  seen  or  heard  of  such  a  thing  in  this 
bed,  as  fossil  roots  which  could  be  traced  to  the  coal  seam 
above ;  nothing,  in  fact,  of  the  nature  or  in  the  form  of  the 
stump  of  a  tree.  The  bottom  of  the  coal  itself  bears 
well-defined  impressions  (P  fiattened  bark)  of  tree  stems  and 
other  parts  of  plant-remains. 

A  small,  very  smooth  (highly  polished  in  one  place)  oblong 
pebble  of  quartzose  rock,  of  a  yellowish  tint,  was  met  with 
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last  year,  entirely  enveloped  in  a  seam  of  fire-clay  (locally 
called  **  the  marl '')  four  feet  thick,  being  the  underbed  of  a 
10-inch  coal  seam  in  the  same  district,  namely,  at  Littleworth, 
near  Ashby-de-la-Zouch.  This  horizon  is  220  yards  aboye 
that  of  the  six  pebbles  just  mentioned,  or  the  highest  known 
seam  of  coal  but  three  or  four  in  the  coal  field.  The  under- 
day  in  question  has  a  rather  laminated  or  bedded  structure, 
and  its  fossil  contents  consist  of  a  few  Stigmariae  (having  no 
resemblance  to  the  roots  of  trees) ;  many  plant-like  in  situ 
foBeSlBy  probably  of  aquatic  nature,  and  not,  by  any  means, 
yet  fully  examined  or  described;  usually  found  nearly 
horizontal,  but  sometimes  turning  up  nearly  vertically  towards 
the  coal,  composed  largely  of  bright,  pure,  brittle  coal,  with 
a  very  smooth,  wrinkled,  or  striated  surface ;  patches  of 
fossil  charcoal  (carbonized  plant  tissue),  or  "mother  of  coal ; '' 
pinnules  of  ferns,  &c.  The  pebble  was  taken  from  near  the 
middle  of  this  clay  seam,  which  extends  over  many  square 
miles.  The  above  particulars  of  this,  and  of  the  "  Little  '* 
coal  imderbed,  are  given  here  in  order  to  show  that  in  them 
we  seem  to  have  no  evidence  that  they  were  ever  the  so-called 
*'  old  surface  soil "  in  which  fiourished  the  forest  trees,  &c., 
of  the  coal  seams,  but  rather  were  originally  layers  of  com- 
paratively soft  mud,  or  silt,  in  which  grew  species  of 
stigmaria-like  and  other  pl^ts,  &c.,  and  in  which  drifted 
material  was  buried ;  and  from  the  position  of  the  various 
pebbles  described,  we  can  only  conclude  that  they  were 
quietly  dropped  into  the  mud,  or  sand,  before  the  coal  seam 
began  to  accumidate  or  grow. 

Again,  quoting  Mr.  Stuart  M.  Buck,  of  Coalberg,  U.S.A., 
in  a  paper  contributed  by  him  in  1881  to  the  Transactions, 
American  Institute  of  Mining  Engineers,  Vol.  X.,  he  says : 
**  I  have  also  had  two  singular  specimens  brought  to  me  from 
the  slate,  immediately  underlying  the  splint.  (Coalberg 
Vein,  Kanawka  YaUey,  West  Virginia.)    One  was  a  piece 
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iA  milk  quartiy  and  the  oiher  of  flmt»*  both  rounded,  andcf 
about  ten  pounds  weight" 

Travelled  Boulders  and  PebUes,  therefore^  aie  prdbaUf 
not  so  very  uncommon  in  underbeds  or  fire-claya. 

In  the  Leicestershire  coal  field  then,  we  have  four,  if  not 
five,  different  geological  horimns  of  these  erratics  (see  Fig: 
3.)  The  writer  is  uncertain  as  to  whether  the  Heatfaflr 
OoUiery  pebUe  referred  to  was  on  the  tc^  of  the  sesM 
correlating  with  the  "  Middle  *'  or  the  "  Nether  Loan!'' 

In  regard  to  the  more  or  less  pebble-like  concretknii 
occasionally  found  enveloped  in  coal  beds — stones  unqusstixah 
ably  formed  in  sUu — ^two  or  three  varieties  are  known,  vii,: 
Pebble-like  lumps  of  Iron  Pyrites  in  brown  coal,  of  the 
Jurassic  rooks  in  Servia ;  Ditto  in  coal-seams  of  IJeioe8te^ 
shire,  two  of  which  are  on  the  table;  the  "Goal-baDB" 
referred  to  in  Mr.  Stirrup's  paper;  and  some  mngakr 
nodules  of  clay  Ironstone,  described  by  Herr  D.  Stur  u 
having  been  found  in  a  coal-bed  in  Austria  (see  Sketchei 
exhibited),  one  of  which  was  partly  of  ironstone  and  partlj 
quartz,  from  which  specimen,  Stur  rather  argued  that  the 
boulders  of  granite  and  gneissic  rocks  found  in  the  ooil 
there,  were  originally  ironstone  nodules,  converted  m  wtu  into 
granite,  &c.,  a  most  unlikely  change,  and,  with  our  piesent 
knowledge,  altogether  inconceivable. 

The  analysis  of  two  of  these  balls  of  Ironstone,  gave : — 
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•  Probably  a  Tery  fine-grained  qnartiite,  the  writer  would  imagine. 
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The  writer  is  indebted  to  Mr.  Bragge,  of  Swadlincote,  for 
the  translation  of  these  analyses. 

So  much  for  the  facts. 

Upon  the  question  as  to  how  the  boulders  and  pebbles  got 
into  the  coal  or  into  the  underclays,  the  writer  would  like  to 
oall  attention  to  one  or  two  points. 

So  far  as  his  own  personal  observations  have  gone,  every 
stratum  out  of  which  an  erratic  stone  has  been  taken,  shows 
from  its  laminated  structure  that  in  all  probability  it  was 
either  deposited  or  accumulated  in  or  imder  water,  and, 
therefore,  these  boulders  must  have  been  transported  by  the 
agency  of  water  too.  It  is  not  intended  to  be  given  as  the 
author's  opinion  that  coal-seams  are  drifted  vegetable 
matter,  but,  if  not  to  water,  to  what  other  cause  are  the  lamitUB 
of  aU  coalrbeda  to  be  attributed  ? 

Now,  if  the  travelled  pebbles  and  boulders  were  carried 
\fj  being  entangled  in  the  roots  of  trees,  brought  down  by 
floodsy  and  then  let  drop  to  the  bottom,  it  is  evident  that 
carboniferous  trees  grew  in  other  positions,  besides  in  the 
coal-measures  themselves ;  and,  looking  at  the  remarkable 
absence  of  connection  between  the  so-called  stigmaruB  in 
underclays  and  the  overlying  coal-beds ;  and  at  these  so- 
called  ''old  soils"  seem  to  show  that  they  are  deposits 
formed  by  water ;  and  at  the  fact  that  coal  itself  is  stratified 
in  a  remarkable  manner,  we  have  to  admit  that  the  presence 
of  erratics  in  imderclays  affects  the  whole  question  of  the 
mode  of  formation  of  coal-seams.  We  should  be  glad  to 
have  the  opinion  upon  these  underclay  Boulders,  of  those 
who  hold  that  our  coal-beds  and  their  imderclays  represent 
the  remains  of  forest  growth  with  great  trees  deeply  and 
firmly  rooted  in  the  clays. 

It  seems  only  natural  and  reasonable  to  suppose  that  one 
and  all  of  these  erratics  were  brought  in  by  one  and  the 
flame  agency,  whatever  that  might  have  been.  Detached 
blocks  of  rock  have  been  f omid  firmly  attached  to  gigantic 
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seawdeds  which  ha^e  been  torn  from  the  ocean  bed  during 
Btomui,  and  drifted  long  distances  by  currents. 

With  regard  to  the  idea  that  these  boulders  have  fsllea 
from  melting  ice-bergs  whilst  they  floated  over  the  spot ;  it 
is  commonly  supposed  that  the  climate  of  the  period  pre* 
vented  their  f ormationy  but  what  proof  have  we  that  the 
vegetation  of  the  coal  epoch  was  unsuited  to  an  arctae 
climate  P  Botanists  are  beginning  to  admit  that  the 
organisation  of  plants  is  not  by  any  means  a  safe  criterioa 
to  take  as  indicating  the  conditions  and  surroundings  under 
which  they  exist.  The  writer  believes  that  Sir  Joseph 
Hooker  goes  so  far  as  to  admit  that  the  Sigillaroids  and 
Lepidodendroids  may  have  flourished  in  regions  of  extreme 
cold. 

Even  the  travelled  blocks  and  pebbles  of  coal  assodated 
with  coal-seams  are  of  the  greatest  interest  geologically. 

Their  existence  proves  one  thing,  namely : — that  long 
before  the  completion  of  the  coal-measures,  coal-seams  had 
become  completely  mineralized  and  consolidated  in  some 
places ;  also,  that  upheaval  and  denudation  had  taken  place, 
and  that  either  the  vegetable  matter  soon  become  coal,  or 
that  the  time  through  which  the  coal  period  ranged  was 
vastly  greater  than  many  of  us  might  imagine. 

The  finding  of  the  lead  ore  pebble  mentioned  above, 
shows  that  veins,  &c.,  of  that  mineral  are  no  modem 
deposits. 

One  word  by  way  of  caution  to  be  observed  in  this 
connection. 

As  the  writer  possesses  a  Boulder  of  quartzite  and  a 
Pebble  of  conglomerate  (containing  fragments  of  felspathic 
rock,  lava  bits,  &c.  ?  schorl,  according  to  Prof.  Bonney). 
which  were  found  along  with  two  more  or  less  weathered, 
waterwom,  and  striated,  travelled  boulders  weighing  from 
10  cwt.  to  20  cwt.  each,  and  many  other  besides  at  a  depth 
of  about  160  yards  in  a  drift  in  a  colliery  near  Burton-on- 
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Trent,  about  ten  years  ago,  which  turned  out  on  investi- 
gation to  have  been  discovered  not  in  but  resting  upon  thet 
coal-measures,  and  to  belong  to  the  breccias  at  the  base  of 
the  Permian  series  of  the  district ;  it  by  no  means  always 
follows  that  because  such  erratics  are  met  with  in  Coal- 
Mines,  that  they  must  of  necessity  have  been  obtained  from 
the  Coal  Measures. 

Fig.  4  explains  the  manner  in  which  these  Permian 
boulders  got  into  the  coal-pit  in  question. 

In  conclusion,  the  writer  begs  to  apologize  for  the  rather 
orude  way  in  which  this  commimication  has  been  brought 
before  the  meeting,  but  he  has  to  plead  want  of  more  time 
for  preparing  it.  He  trusts  however  that  his  remarks  have 
been  of  some  interest,  and  that  they  may  help  to  elucidate 
the  question  at  issue,  namely,  the  Geological  History  of  the 
Erratics  of  the  Coal  Period. 


Mr.  Wild  in  moving  a  vote  of  thanks  to  Mr.  Gresley,. 
said  he  would  have  been  glad  if  that  gentleman  had  been 
present,  in  order  that  they  might  have  discussed  the  subject 
more  fully.  The  subject  (he  continued),  is  one  in  which  I 
take  especial  interest.  These  pebbles  are  what  we  find 
usually  on  the  tops  of  coal  seams,  and  if  we  can  satisfactorily 
solve  the  problem  of  the  formation  of  the  coal  beds,  there 
is  no  doubt  it  would  help  us  to  explain  the  presence  of 
these  boulders.  My  impression  is  that  it  is  possible  to 
suit  both  the  growth  in  situ  theory  and  the  drift  theory  at 
the  same  time.  If  a  tract  of  country,  50  or  100  miles 
square,  had  a  very  rank  vegetation  upon  it,  and  subsidence 
began  to  take  place,  say  over  the  central  half  of  that  tract 
water  would  begin  to  accumulate ;  trees  there  would  cease  to 
grow,  and  their  remains  would  accumulate,  and  decay,  being 
augmented  by  the  growth  of  masses  of  low  forms  of  moisture 
loving  vegetation.  Streams  flowing  into  this  depressed  area 
would  bring  in  a  lot  of  drifted  vegetation,  and  a  deposit  would 


ftOO 

be  foimedy  say  IS  or  15  inoheB  thick ;  tbeiiy  probably  a  flood 
would  bring  down  a  quantity  of  mnd^  which  would  be 
apread  over  the  already  formed  deposit.  Freeh  growth  or 
drift  again  would  go  on  from  the  surrounding  flattiah  hud, 
and  gradually  there  would  be  formed  over  a  large  tract 
another  deposit  of  moderately  pure  vegetable  matter, 
that  in  course  of  years  would  be  converted  into  coaL 
Upon  that  theoiy,  the  bed  of  coal  would  naturally  be 
thicker  in  the  centre  of  the  depressed  area^  though  not 
much ;  and  I  can  quite  see  that  there  is  a  chance  for  bodi 
theories  to  be  correct — ^that  is,  growth  in  Mu  and  drift  On 
the  first  of  these  theories  there  might  be  formed  a  thick 
bed  of  peat  or  moss ;  on  the  second,  there  would  be  a  greet 
accumulation  of  drift  stuff  formed  by  the  washing  into  tbe 
depressed  area  of  vast  quantities  of  decayed  wood  and  veget- 
able matter  of  various  kinds  The  seat  of  the  stigmarian 
roots  would  be  under  two  depressed  portions,  though  the 
coal  immediately  over  it  might  be  most  of  it  drift.  Then, 
supposing  the  sea  had  once  overlain  that  area  and  had 
washed  the  abutting  older  rocks,  causing  a  beach  of  rounded 
pebbles,  or  boulders,  when  the  water  retired  from  thif 
pebbly  beach,  whether  from  upheaval  or  silting  up,  and 
vegetable  growth  went  on  betwixt  it  and  the  sea,  it  would 
remain  in  a  comparatively  quiescent  state.  Subsidence  might 
set  in  more  rapidly  and  continuously  for  a  time,  bringing 
on  a  repetition  of  sea-encroachment ;  vegetation  would  be 
aknost  lost  sight  of,  and  fishes  and  shell-fish  inhabit  the 
waters  and  muddy  sediment  so  long  as  the  conditions  were 
suitable.  At  this  point  we  seek  the  agency  which  has 
furnished  us  with  those  interesting  pebbles  and  boulders. 
That  they  have  undergone  floatation  and  been  loosened 
from  some  buoyant  matrix — such  as  ice,  or  other  dissoluble 
binding — seems  almost  certain,  and  in  that  case  they  would 
fall  through  the  water  upon  the  submerged  vegetable  matter^ 
and  press  before  them  into  the  yielding  mass  the  previously 
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deposited  fragments  of  bones,  scales,  and  teeth,  and  other 
indestructible  remains  of  animal  and  vegetable  life  so 
commonly  found  resting  immediately  on  coal  seams, 
especially  when  succeeded  by  dark  bituminous  shale.  There 
18  one  thing  which  seems  to  be  lacking  in  the  obser- 
vations made  ;  I  think,  when  these  boulders  are  found  they 
should  be  cut  out  to  see  whether  the  stratification  above 
has  been  disturbed.  That  would  show  whether  the  boulder 
went  down  directly,  that  the  sea  encroached  and  covered  up 
the  mass  of  vegetation,  or  whether  it  sank  further  through 
the  shale.  My  impression  is,  they  came  in  about  the 
time  the  fish  were  living  whose  remains  we  find,  and  have 
been  deposited  quietly  on  those  fish  remains,  I  should  not 
expect  them  to  descend  far  through  any  mud  or  shale  to  get 
into  the  coal.  I  think  if  we  can  arrive  at  a  satisfactory 
theory  to  account  for  the  formation  of  coal  in  the  way  we 
find  it — in  some  cases  three  inches  of  cannel  on  the  top ;  in 
others  six  inches  of  cannel  at  the  bottom  of  the  bed — which 
seems  almost  to  imply  the  drift  theory — it  strikes  me  this 
explanation  of  the  carriage  of  the  boulders  will  follow  as  a 
matter  of  course. 

Mr.  Stirrup  seconded  the  vote  of  thanks,  and  it  was 
carried  unanimously. 

The  President  said  :  I  so  recently  gave  you  my  views  on 
the  subject  of  these  so-called  boulders  that  I  have  little  to 
add  now.  Careful  observers  say  that  if  you  keep  repeating 
a  certain  point  over  and  over  again  in  time  you  can  actually 
obtain  believers.  The  statement  about  these  boulders  in 
coal  seams  has  been  repeated  over  and  over  again,  until  it  is 
almost  becoming  a  current  belief.  Mr.  Gresley  has  sent  us 
a  cautiously  reasoned  paper,  and  I  think  he  uses  the  term 
"  pebbles  "  rather  more  frequently  than  "  boulders  "  which 
I  think  is  very  proper.  They  are  pebbles,  or  concretions, 
and  not  boulders. 


Mr.  Stirrup:  I  think  he  ubbb  the  term  aimply  u  » 
distmction  of  tize.    The  pebUee  being  ihe  amaller  ones. 

The  Prebidsnt  :  I  ahonld  call  them  all  pebbles.  lEany 
<if  these  which  are  deecribed  are  what  an  cnrdinaiy  iren-fitone 
miner  would  call  balls — balls  of  iron-stone.  There  are 
different  kinds  of  these  balls.  There  are  thoee  found  in  the 
Millstone  Orit  of  Northumberland.  BaUs  haTe  also  been 
found  in  the  rock  near  Halifax,  and  below  that  which  is  so 
extensively  quarried  for  flagstones  all  round  Bacup  and 
Rochdale,  and  in  the  township  of  Spotland,  particulariy 
about  Facit — ^balls  as  round  as  marbles ;  and  you  may  see 
in  many  of  the  flags  you  walk  oyer  the  hole,  half  a  sphere, 
which  a  ball  has  come  out  of.  I  belieye  that  in  the  forma- 
tion of  the  coalfields  there  has  been  no  intrusion  from 
without.  It  has  been  one  growth.  There  have  been  no 
boulders  intruded.  If  any  medical  gentleman  is  here,  or 
any  lithotomist,  he  will  smile  in  his  sleeve,  and  wonder  what 
some  of  his  lithic  or  phosphatic  productions  may  hereafter 
be  called. 

Mr.  Stirrup  said:  There  are  many  points  of  interest 
raised  in  Mr.  Gresley's  paper,  which,  if  time  permitted 
would  be  well  worth  discussing.  Mr.  Gresley  is  apparently 
a  strong  supporter  of  the  theory  that  all  coal  is  drifted 
material,  but  I  think,  with  Mr.  Wild,  that  it  is  very  likely — 
indeed,  it  may  be  said  to  be  almost  certain — that  we  have 
coal  beds  composed  of  vegetation  grown  on  the  spot,  and 
also  others  formed  of  drifted  matter.  Of  the  coal  beds  in 
the  valley  of  the  Loire  we  are  distinctly  told,  by  the  great 
authority  on  them,  that  they  are  composed  of  drifted 
material,  and  there  seems  no  doubt,  judging  from  the 
microscopical  examination  of  the  fossil  vegetation,  that  some 
of  the  trees  grew  on  higher  and  drier  elevations  than  what 
we  may  assimie  to  have  been  the  case  with  a  great  part  of 
the  vegetable  matter  which  constitutes  our  coal  beds,  and 
that  afterwards  this  upland  vegetation  was  carried  down  by 
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Btreams  to  the  lower  regions.  But  of  course  this  is  apart 
from  the  subject  matter  of  the  paper — ^which  is,  the  occur- 
rence of  boulders  in  coal  seams. 

Some  of  the  instances  of  boulders  or  pebbles  in  carboni- 
ferous rocks,  quoted  by  Mr.  Gresley,  are  too  indefinite  to 
add  much  to  our  knowledge,  but  they  show  that  their 
abnormal  occurrence  has  attracted  the  attention  of  many 
observers. 

That  pebbles  and  stone-baUs  such  as  mentioned  by  the 
President,  are  found  in  grit  and  flagstone  quarries,  are  facts 
well  known  to  all  observers,  and  their  origin  well  under- 
stood, but  these  are  quite  different  things  from  what  I 
understand  as  boulders,  which  are  undoubtedly  erratics 
differing  altogether  from  the  rocks  of  the  coal  measures. 
I  hope  that  now  the  attention  of  the  members  has  been 
again  called  to  this  subject  after  the  lapse  of  a  quarter  of  a 
century,  we  may  yet  obtain  more  facts  to  guide  us  to  a 
satisfactory  solution  of  the  questions  at  issue. 

The  President  said  that  what  they  had  heard  from 
Mr.  Cornish  about  the  formation  of  certain  minerals,  might 
lead  to  some  explanation  of  the  mode  in  which  these  pebbles 
were  found  in  the  coal  seams.  He  reminded  members  that 
in  various  places,  at  the  jomction  of  formations  which  lay 
unconformably  with  each  other,  pebbles  were  found.  One 
remarkable  bed,  known  as  the  pebble  bed,  was  many  feet  in 
thickness — he  might  say  yards  in  thickness — of  nothing  but 
pebbles ;  yet  that  was  omderlaid  and  overlaid  by  solid  rock. 
There  was  a  similar  bed  nmning  through  the  coalfield  of 
Lancashire,  and  what  was  remarkable,  it  overlies  the 
Trencherbone  mine — ^from  which  many  of  these  large 
pebbles  that  Mr.  Woodward  has  sent  were  taken.  There 
was  no  more  fickle  mine  than  that  in  the  Lancashire  coal- 
field. At  Wigan,  it  was  known  as  the  Wigan  9  ft. ;  else- 
where, it  was  the  Wigan  6ft. ;  then,  coming  across  the  big 
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fault  at  Hindley,  it  became  a  6  ft  seam,  known  as  the  WciA 
Leigh  5  ft    It  came  throogli  to  Atherton  as  the  5  ft,  and 
further  east  it  was  the  Trencherbone.     At  Manchester,  thii 
rock  was  deeply  tinged  with  iron ;  westward,  it  became  t 
white  rook,  and  near  its  base  there  was  this  pebbly  structoie, 
which  was  quite  remarkable.     In  some  places   this  rock 
would  eat  out  the  whole  of  the  coal,  and  leave  nothing  but 
the  roof  and  the  floor  meeting,  and  that  would  sometimei 
extend  to  as    much  as    half  a    mile    without  any   ooti 
in  the  ground  at  alL    A  few  days  ago,  when  in  this  seam, 
he  brought  a  piece  of  the  rock  away,  thinking  that  possibly 
it  might  not  have  been  noticed.     (The  specimen  was  handed 
round.)     It  would  be  seen  that  on  the  one  side  the  stmctore 
was  pebbly — on  the  other  the  pebbles  ran  into  the  rock  and 
were,  in  fact,  part  and  parcel  of  it 

Mr.  Cornish,  in  reply  to  the  President,  said,  with  regard 
to  the  comparison  he  (the  President)  had  drawn  between 
the  crystallisation  of  certain  rocks  and  the  possible  mode  of 
aggregation  of  those  boulders,  he  did  not  think  the  eases 
were  comparable.  He  did  not  suppose  that  by  a  consider- 
ation of  the  two  together  any  light  could  be  thrown  upon 
the  mode  in  which  the  boulders  were  formed.  There  were 
only  one  or  two  points  in  the  paper  about  which  he  felt 
qualified  to  speak.  As  to  the  possible  formation  of 
granite  from  ironstone  nodules,  referred  to  in  the  quotation 
from  Herr  Stur's  paper,  looking  at  the  analysis  given,  he 
said  they  would  have  to  bring  in  a  great  deal  more  acid 
material  or  else  get  rid  of  half  the  bases — either  one  process 
or  the  other  would  be  necessary  to  get  the  requisite  composi- 
tion to  make  a  granite,  and,  even  if  they  did  that,  there 
would  be  no  reason  to  suppose  that  granite  would  be  formed. 
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WIGAI^   MEETING. 

The  Ordinary  Meeting  of   the  Members  was  held  on 
Friday,  the  4th  May,  1888,  in  the  Mining  School,  Wigan. 

The  President,  Mr.  Joseph  Dickinson,  F.G.S., 

in  the  Chair. 


The  Honorary  Secretary  (Mr.  Mark  Stirrup)  informed 
the  members  that  arrangements  were  in  progress  for  a  visit 
to  some  of  the  most  important  sections  of  the  Manchester 
Ship  Canal  Works  during  the  summer,  imder  the  conduct  of 
the  engineer  of  the  imdertaking,  Mr.  Leader  Williams. 

Mr.  Daniel  Adamson  had  also  kindly  offered  to  lead  an 
excursion  to  the  important  iron-stone  beds  of  the  Lower 
Lias  formation  in  the  neighbourhood  of  Frodingham, 
Lincolnshire.  This  excursion  promised  to  be  of  great 
interest  to  geologists,  as  the  beds  are  very  fossiliferous. 


MINING  RENTS  AND  MINERAL  ROYALTIES. 


The  President  said  that  several  papers  would  be  read, 
which  had  been  sent  in  to  the  Honorary  Secretaries,  in  con- 
tinuation of,  and  in  reply  to,  the  one  recently  read  before  the 
Society  by  Mr.  Percy,  on  the  subject  of  Mine  Rents  and 

Mineral  Royalties : — 
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He  would  first  sabmit  to  them  an  extract  whicli  he  had 
made  from  the  work  of  Mr.  Doniiy  who  was  an  anihoritj  on 
this  question,  and  it  wookl  perhaps  most  fitly  precede  the 
other  papers.  The  President  then  read  the  following 
extract  from  Mr.  Matthias  Dunn's  treatise  on  the  "'Wimiiiig 
and  Working  of  Collieries^''  2nd  edition^  1852^  who  says  in 
treating  on  the 

VABIOUS  MODES  OF  LETTINO  COLLIEBIES. 


The  principle  upon  which  rent  is  reserved  by  the 
proprietor,  in  the  leasing  of  collieries,  is  governed,  in 
different  districts,  by  ancient  custom,  or  by  some  peculiar 
circumstance ;  but  the  basis  is  founded  upon  the  probable 
profit  to  arise  from  the  fair  and  proper  working,  and  the 
extraction  of  the  greatest  quantity  of  coal  possible  from  the 
mines.  In  manv  cases,  customs  were  established  under 
circumstances  subsequently  altered ;  but,  as  I  before  obserred, 
all  are  more  or  less  intended  to  bear  upon  an  efficient  working 
of  the  mine,  and  the  disposal  of  the  produce.  Hence  the 
now  universal  custom  of  reserving  the  rent  upon  one  or  the 
other  of  the  following  principles,  viz. : — 

1.  Rent  upon  tonnage. 

2.  Rent  upon  the  amount  of  sales. 

3.  Rent  by  the  acre  of  coal,  one  foot  thick,  and  so  in 
proportion. 

4.  Rent  certain — viz.,  a  certain  sum  per  annum,  indepen- 
dant  of  the  quantities  of  coal  that  may  be  raised  from  the 
property.  This  principle  of  letting,  however,  is  now  nearly 
obsolete. 

1.   The  Rent  upon  Tonnage 
Is  prevalent  over  the  north  of  England,  and  other  parts  in 
which  the  amount  value  of  the  coal  is  variable ;  one  price 
being  allotted  to  the  roimd  coal,  and  a  proportionate  rent  to 
that  of  small,  passed  through  a  screen  of  certain  defined 
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dimensionB.  It  is  a  necessary  principle  in  the  Newcastle 
collieries,  because  in  the  vending  of  the  coals,  whether  to 
manufacturers  or  to  the  sea,  freightage  and  railway  dues 
attach  to  the  transit ;  and  if  the  coal  owner  consigns  to  a 
broker,  the  actual  returns  of  sales  of  these  coals  can  only  be 
procured  after  the  lapse  of  considerable  time,  and  under 
such  devious  and  complicated  accounts,  that  it  would  ill  suit 
the  landlord  to  embarrass  himself  with  the  investigations 
necessary  to  adapt  the  rents  to  a  per-centage  of  the  amount 
of  sales  Hence  the  general  custom  of  levying  the  rents  per 
ton  respectively  of  round  coal  and  of  small  coal.  These  rates, 
of  course,  difPer  according  to  the  relative  advantages  of 
locality,  the  value  of  the  coal,  cost  of  winning,  expense  of 
working,  &c. ;  but  they  may  be  stated  in  the  north  of 
England  at  for  round  coal  6d.  to  12d.,  and  for  small  coal  2d. 
to  4d.  per  ton,  and  in  Scotland  and  elsewhere,  from  one 
twelfth  to  one  fourth  of  the  value  sold.  At  the  same  time, 
a  certain  annual  rent  floats  over  the  property,  payable  on 
accoimt,  until  the  periodical  settlement  of  the  quantities  be 
made. 

In  the  provision  for  rent  there  is  always  sufficient  time 
allowed  to  win  and  open  the  colliery  before  the  commence- 
ment of  the  payments.  I  will  here  enumerate  the  general 
clauses  inserted  in  colliery  leases. 

1.  Term  of  years  determinable  on  the  part  of  the  tenant 
at  any  or  at  certain  periods  of  the  lease,  by  giving  twelve 
months*  notice  in  writing ;  or,  in  case  of  the  exhaustion  of 
the  coal,  or  the  mine  becoming  unworkable  to  profit. 

2.  Certain  rent,  payable  half-yearly,  without  regard  to 
the  working  of  coals,  or  at  the  option  of  the  landlord ;  so 
much  per  ton  for  round  coal,  and  so  much  for  small  passed 
through  a  screen  of  certain  dimensions;  or  so  much  for 
coals  just  as  they  are  brought  from  the  mine,  but  sold,  the 
colliery  consumption  being  thereby  allowed  rent-free. 
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3.  Tenants  to  be  liable  to  all  surface  damages  fgenerally 
double  the  annual  rent),  and  at  the  expiration  of  the  term 
to  restore  or  pay  for  such  damaged  land,  according  to  the 
arbitration  of  disinterested  persons. 

4.  Power  to  make  up  shorts — for  rent  prepaid,  that  is, 
by  working  up  quantities  of  coals  at  the  agreed  rate  per 
ton,  such  privilege  to  remain  either  for  certain  periods  or 
during  the  whole  term, 

5.  Lessee  to  leave  certain  defined  barriers  of  coal  against 
adjoining  properties. 

6.  Power  of  working  other  properties  by  auUtroke  under- 
ground, paying  for  the  same  according  to  circumstances,  for 
one  or  more  of  the  privileges,  as  follows : — 

Per  ten  of  48  Urns. 
For  breaking  the  barrier  or  underground-way  leave    . .     28.  to  8b. 

For  shaft  rent,  drawing  up  the  shafts 28.  to  3s. 

For  way  leave  rent  over  the  surface      28.  to  3s. 

7.  Landlord  reserves  all  power  and  privilege  of  examining 
the  mine  or  the  books,  measuring  the  waggons  or  tubs,  &c., 
with  power  to  levy  for  over-measure. 

8.  All  buildings  of  brick  or  stone  to  be  left  to  the  land- 
lord at  the  end  of  the  lease. 

9.  Landlord  to  have  power  to  purchase  any  part  of  the 
stock  by  giving  —  months'  notice  previous  to  the  determina- 
tion of  the  lease. 

10.  Lessee  covenants  to  work  fairly  and  orderly,  accord- 
ing to  the  most  approved  principles  of  raining,  or  to  some 
specific  contract ;  otherwise,  in  case  of  misconduct,  to  be 
liable  to  damages,  with  power  for  the  landlord  to  re-enter 
the  lease.     The  same  applies  to  unpaid  rents. 

11.  Lessee  allowed  to  dig  clay,  quarry  stones,  &c.,  for  the 
purposes  of  the  colliery,  rent  free. 

12.  Lessee  bound  to  leave  the  colliery  in  a  fair  tenantable 
condition,  with  proper  passages  to  the  whole  coal,  Ac. ; 
otherwise  liable  to  damages. 
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13.  General  clause  for  reference,  in  case  of  dispute  upon 
any  subject  arising  out  of  the  lease. 

2.   Leases  upon  the  Amount  Value  Sold. 

Throughout  Scotland  and  many  other  coal  districts  it  is 
customary  to  levy,  for  rent  a  proportion  of  the  amount  value 
of  coals  sold ;  and  this  rent  varies  from  l-5th  to  l-15th, 
according  to  the  value  of  the  coal  and  the  cost  of  pro- 
ducing it.  In  some  cases,  a  coUiery  is  re-let  which  is  already 
won  and  in  course  of  working :  whereas  another  is  let  to 
win  at  great  risk,  and  demanding  much  capital.  This 
description  of  rent,  therefore,  is  payable  upon  the  value  of 
the  coal  at  the  pit  top  ;  so  that  the  expense  of  delivering  it 
at  the  dep6t,  or  place  of  shipment,  is  deducted  from  the 
value  at  such  distant  point  before  estimating  the  rent. 

This  is  a  very  fair  principle  of  proportioning  rent ;  but 
where  the  coals  are  conveyed  to  distant  markets  by  the 
proprietor,  and  the  sale  is  devious,  it  becomes  difficult,  as 
before  observed,  to  apportion  the  value. 

3.  Leases  per  the  Acre. 
Throughout  Lancashire  and  the  neighbouring  counties  it 
is  common  to  let  or  sell  coal  by  the  Cheshire  acre,  which 
consists  of  10,240  square  yards;  the  statute  acre  being 
4,840.  The  lessees  are  also  boimd  to  a  certain  rent,  equiva- 
lent to  so  many  acres  per  annum,  at  the  agreed  price  per 
acre.  In  this  case  the  tenant  is  left  to  work  the  colliery  to 
the  best  advantage,  in  regard  to  getting  out  all  the  coal 
poBsible,  inasmuch  as  it  is  assumed  to  be  paid  for  as  totally 
worked.  The  price  per  acre  differs  according  to  the  ever- 
varying  circumstances  of  collieries ;  but  in  order  to  apply 
the  principle  to  every  variety  of  seam,  it  is  levied  at  so 
much  per  foot  thick  per  acre,  the  said  footage  ranging  from 
J640  to  £140  per  acre ;  and  in  order  to  arrive  at  the  proper 
quantity  worked  each  half  year  the  average  thickness  of 
the  seam  is  taken,  and  the  quantities  computed  accordingly; 
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each  year's  measarement  being  differenily  coloured  upon  the 
plan,  and  the  workings  balanced  and  accounted  for»  along 
with  the  certain  rents  payable  on  account 

However  equitable  in  principle  this  mode  may  be,  it 
leaves  too  much  of  calculus  in  the  office  of  surveyor;  for 
many  parts  of  the  mine  may  become  inaccessible  between 
one  period  of  measurement  and  another,  and  may  also  be 
irregular  in  thickness  on  account  of  bad  coal,  bands,  or 
other  frequent  causes.  By  force  of  custom,  however,  the 
different  seams  in  neighbourhoods  where  they  are  known, 
assume  a  sort  of  current  value  which  becomes  sufficientlv 
satisfactory. 

This  mode  of  estimating  the  rent  is  in  favour  of  the  lessee 
whose  knowledge,  experience,  and  capital  induce  him  to  cany 
on  the  most  improved  system  of  working,  whereby  either  a 
larger  gross  quantity  of  coal  than  ordinary  may  be  produced 
from  the  mine,  or  a  greater  proportion  of  large  coal  yielded ; 
the  rates  of  rent  having  been  foimded  upon  the  average 
production,  or  the  general  practice  in  the  district. 

The  available  produce  of  ordinary  mining  may  be  stated 
at  three-fourths  of  the  gross  contents ;  and  of  those  three- 
fourths,  a  certain  proportion  consists  of  small  coal,  over  and 
above  that  which  is  left  underground.  If,  therefore,  by  an 
improved  mode  of  working,  these  available  proportions  are 
amended,  it  amounts  to  a  reduction  of  the  ordinary  rent. 

Tans. 
A  Cheshire  acre   of   coal    one  foot  thick  may  be 

said  to  contain   » 3000 

Suppose  to  be  left  undcrgroimd,  in  pillars  and  small 

coals    800 

Available    2200 

Suppose  small  coal  at  surface  and  colliery  consumption     600 

Produce  of  large  coal,  per  foot  thick,  per  Cheshire  acre  1600 
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4.   Leases  for  certain  Rent  only 

Were  common  in  former  tuneSy  in  cases  of  grants  from  the 
crown,  or  of  manors  where  the  existence  of  coal  was  nn- 
certain  or  problematical,  or  in  properties  so  small  or  so 
isolated  as  to  be  incapable  of  ordinary  rule.  The  want  of 
the  clause  for  tonnage  has  been  known  to  invalidate  colliery 
leases  in  the  Court  of  Chancery. 


Mr.  Oswald  Walmesley  was  then  called  upon  to  read  the 
following  paper  which  he  had  prepared : — 

MINE    RENTS    AND    MINERAL    ROYALTIES. 

By   Mr.    Oswald     Walmesley. 


Preliminary  Observations. 

The  subject  of  mine  rents  and  mineral  royalties  has 
recently  attracted  some  considerable  amoimt  of  public 
notice.  A  subject  like  this,  which  comes  rather  under  the 
head  of  Political  Economy  than  that  of  Geology  or  Mining,  is 
liable  imder  some  circumstances  to  be  treated  from  a  partisan 
point  of  view  for  political  purposes.  It  is,  therefore,  very 
satisfactory  that  the  neutral  ground  of  this  Society  should 
be  available  for  the  discussion  of  the  subject  on  its  merits. 
It  is  a  subject  in  which  I  take  a  special  interest,  and  on 
which  I  may  claim  the  right  to  have  some  opinions  by 
reason  of  having  been  for  the  last  eighteen  years  up  to  the 
<x>mmencement  of  the  present  year  in  practice  as  a  solicitor 
in  a  mining  district,  and  of  having  in  that  capacity  had  to 
<leal  with  a  large  number  of  mining  leases,  on  behalf  sometimes 
of  mine  owners  and  sometimes  of  lessees  of  mines.  This  is 
my  excuse  for  venturing  to  offer  the  following  observations 
for  the  consideration  of  the  members  of  this  Society.  Before 
proceeding,  however,  I  take  this  opportunity  of  congratu- 
lating Mr.  Percy  upon  his  able  and  interesting  paper ;  and^ 
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if  I  oannot  agree  with  all  his  yiews^  I  can  at  least  admit 
that  he  has  made  out  as  strong  a  case  as  could  well  be  pre- 
sented in  fayour  of  those  views.  It  is  not  possible  that  the 
whole  of  Mr.  Percy's  paper  could  be  reviewed  within 
reasonable  limits,  and  I  therefore  propose  to  deal  only  with 
those  portions  of  it  which  seem  to  me  to  call  for  special 
observation. 

Parties  interested  in  Mines  and  Minerals. 

In  order  to  make  the  position  which  I  propose  to  take  up  in 
roference  to  this  subject  intelligible,  I  will  premise  that 
thero  appear  to  me  to  be  four  parties  who  are  jointly 
interested  in  mines  and  minerals.  These  four  parties  (taking 
them  in  the  order  of  their  connection  with  the  mines)  are 
the  following,  viz. : — 

1st. — ^The  mine  owner. 

2nd. — The  mining  lessee  or  employer. 

3rd. — The  miner  or  employed. 

4th. — The  consumer. 

These  parties  having  a  joint  interest  in  the  mines,  have 
also  as  between  themselves  separate  and  distinct  interests 
which  each  of  them  is  entitled  to  have  duly  represented  and 
considered  in  any  question  which  may  arise  respecting  the 
mines. 

Now,  my  first  observation  with  regard  to  Mr.  Percy's 
paper  must  be  that  he  has  treated  the  subject  with  which  it 
deals  mainly  from  the  point  of  view  of  two  only  of  these 
parties,  namely,  from  that  of  the  employer  and  the  employed. 
It  is  only  fair  that  the  special  interests  of  the  other  two 
parties  should  be  considered.  This  will  explain  how  it  is 
that — although  I  wish,  and  shall  endeavour  to  have  due 
regard  to  the  interests  of  all  the  parties — ^it  may  possibly 
appear  that  in  the  following  observations  I  treat  the  subject 
more  particularly  from  the  point  of  view  of  the  two  parties 
whose  interests  I  consider  to  have  been  somewhat  overlooked 


513 

by  Mr.  Percy,  namely,  that  of  the  mine  owner  and  the 
oonsumer. 

Ownership  of  Mines  in  this  Country. 

My  next  observation  has  reference  to  the  statement  that 
the  mines  ''  once  the  property  of  the  nation  have  been  lost 
through    want    of   knowledge    that   they    existed    or  by 
carelessness  on  the  part  of  the  state  authorities.'*  Mr.  Percy 
does  not  dispute  the  present  legal  title  of  the  surface  owner 
to  mines,  but  the   suggestion   he  makes  in  the  words  just 
quoted,  if  verified  by  history  would  undoubtedly  be  deemed 
by  many  persons  to  afford  some  justification  for  interference 
with  the  present  legal  position  and  rights  of  the  surface 
owner  with   respect  to   mines.     I  cannot,   however,  help 
thinking  that  a  very  slight  ramble  into  the  ancient  history 
of  the  ownership  of  mines  in  England  will  save  us  from 
even  a  passing  feeling  of  regret,  such  as  Mr.  Percy  seems  to 
have  experienced  that  an  available  opportunity  for  wiping 
off  the  National  Debt  has  been  lost.    The  history  is  fully  set 
out  in  "  The  case  of  mines  "  decided  in  the  reign  of  Queen 
Elizabeth,  (in  the   year   1568,)  and  reported   by  Plowdeu. 
The  case  shows  that  from  time  immemorial  the  English  law 
has  recognized  the  right  of  the  owner  of  the  surface  to 
everything  beneath  it  except  "  Royal  mines  "  which  are 
held  to  belong  to  the  Crown  by  reason  of  the  Royal  pre- 
rogative, on  account  of  the  special  excellence  of  the  thing, 
and  to  assist  the  Crown  with  funds  for  the  defence  of  the 
coimtry,  and  for  the   supply   of  coinage.      These  "  Royal 
mines  "  are  mines  of  gold  and  silver,  all  other  mines  being 
known  by  contradistinction  as  ''  base  mines."      At  one  time 
the  Crown  also  claimed  as  ''  Royal  mines  "  any  mines  of 
copper,  tin,  iron,  and  lead,  with   which   gold  and   silver 
were  found  to  be  inter-mixed,  and  this  claim  was  supported 
by  the  legal  decision  to  which  I  have  referred  ;  it  was,  how- 
ever,  abrogated  by  two  Statutes  passed   in  the  reign   of 
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William  and  Mary  (1  W.  and  M.,  c.  30,  and  5  W.  and  M., 
c.  6)  for  the  express  purpose  of  encoiirag;ing  the  working 
of  mines,  though  the  Crown  retained  a  right  of  pre-emption 
with  respect  to  such  mines  at  certain  rates  which  would  faj  so 
means  be  considered  nominal,  even  at  the  present  time. 

Ownership  of  Mines  in  Sootlanii. 

As  regards  the  ownership  of  mines  in  Scotland  (to  which 
Mr.  Percy  has  referred  in  his  paper),  I  find  that,  eren 
before  the  Union  of  the  two  Kingdoms,  the  law  in  each 
seems  to  have  been  analogous,  viz. :  that  ''  royal  mines " 
belonged  to  the  Crown,  and  "  base  mines  "  to  the  individual. 
I  have  referred  to  the  old  Scotch  Statute,  mentioned  by 
Mr.  Percy ;  and,  although  it  is  somewhat  difficult  to  under- 
stand (being  written  in  a  strange  compound  of  Latin, 
French,  and  Scotch),  it  appears  to  me  only  intended  to 
apply  to  mines  then  claimed  as  "  royal  mines,"  and  even 
with  respect  to  such  mines  to  contain  provisions  (which 
by- the- way  do  not  appear  to  have  been  referred  to  by  Mr. 
Percy's  correspoiidont),  under  which  the  freeholders  could 
work,  let  or  deal  with  such  mines  on  rendering  to  the  Crown 
one-tenth  part  of  the  produce.  I  may  say  that  u  much 
earlier  statute  (to  which  I  have  also  referred),  passed  in  the 
reiprn  of  King  James  the  First,  of  Scotland  (in  the  year 
1424),  shows  that  the  King  then  only  claimed  mines  in 
which  three  half-pence  worth  of  silver  could  be  extracted 
from  one  pound  of  lead.  (It  is  stated  that  IJd.,  at  thai 
date  would  be  equivalent  in  value  to  about  2s.  6d.  at  the 
present  day),  and  it  would  appear  by  the  same  statute  that 
jKTmission  was  given  to  the  subject  to  take  even  "  roval 
mines''  on  payment  of  lid.  for  each  pound  to  the  Crown 
As  to  the  alleged  neglect  by  **  State  Authorities  "  (which 
term  can  in  this  instance  only  apply  to  the  Crown).  I 
think  that  any  careful  reader  of  English  History  will  find 
that  from  the  time   when  Richard  Caeur-de-Lion  lost  hi** 
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Kfe  in  asserting  his  right  to  "  treasure  trove,"  the  Crown 
has  not  usually  been  remiss  in  claiming  the  royal  rights 
dnd  prerogatives ;  but,  as  history  shows  that  the  Crown  has 
never  oven  claimed  any  reservation  of  base  mines  from  the 
subject's  ownership  of  the  surface,  it  is  clearly  unnecessary 
to  spend  further  time  in  showing  that  such  mines  could  not 
have  been  lost  by  the  Crown. 

Ownership  of  Mines  Abroad. 

And  in  connection  with  the  subject  of  the  ownership  of 
mines  in  this  country*,  it  may  be  convenient  to  refer  to  Mr. 
Percy's  remarks  as  to  the  ownership  of  mines  in  other 
countries.  I  think  that  I  may  fairly  assume  from  the 
resemblance  of  the  figures  quoted  by  each,  that  Mr.  Percy 
has  based  his  remarks  on  this  subject  upon  the  particulars 
given  by  Sir  Lowthian  Bell  in  his  book  on  the  **  Iron  Trade 
of  the  United  Kingdom ;  "  but,  whilst  Mr.  Percy  is  careful 
to  tell  us  that  in  Germany,  France,  and  Spain,  the  owner- 
ship of  coal  and  ironstone,  and  in  Belgium,  the  ownership 
of  coal  is  vested  in  the  State,  he  omits  to  tell  us  (what 
appears  equally  in  Sir  Lowthian  Bell's  book)  that  in  the 
United  States  of  America  the  ownership  of  the  minerals 
goes  with  that  of  the  surface.  The  "  Reports  by  Her 
Majesty's  Representatives  abroad,  on  Mining  Rents  and 
Royalties,  and  the  Laws  relating  thereto,"  (published  in  the 
form  of  a  Blue  Book,  since  the  date  of  Sir  Lowthian  Bell's 
book,)  show  that  there  are  in  fact  great  varieties  in  the 
tenure  of  mines  on  the  European  continent,  some  of  them 
much  more  favourable  to  the  owner  of  the  surface  than  the 
instances  quoted  by  Mr.  Percy :  for  instance,  in  Belgium, 
iron-ore  belongs  to  the  owner  of  the  surface  :  in  some  parts 
of  Germany  the  surface  owner  is  entitled  to  a  very  considerable 
portion  of  the  mines :  in  some  parts  of  France  he  receives  a 
royalty,  not  much  less  than  that  usually  charged  in  England : 
in  Sweden  and  Norway  the  ground  owner  is  entitled  to  one- 
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half  of  the  mines :  whilst  in  Italy  the  ownership  Taries  in 
different  parts  of  the  ooontry  between  the  State  and  the  snrboe 
owner.  But  would  it  follow  that  we  should  consider  oar 
law  on  this  subject  def  ectiye,  if  it  did  not  accord  with  that 
which  prevails  on  the  European  continent  P  Our  Knglinh 
notions  about  the  rights  of  private  individuals  are  in  manj 
respects  different  from  the  ideas  which  are  prevalent  abroad, 
and  many  things  are  left  in  this  country  to  the  ownership 
and  enterprise  of  the  subject,  as  for  instance  :  the  ownersh^ 
and  establishment  of  railways,  and  other  public  undertaldnga, 
which  in  most  foreign  countries  are  retained  by  the  Stats. 
It  may  fairly  be  contended  that  the  rapid  development  of 
the  mineral  resources  of  this  country  is  due  to  their  being 
the  property  of  private  individuals,  and  there  is  no  more 
reason  why  we  should  be  guided  by  foreign  precedents  with 
a  respect  to  the  ownership  of  mines,  than  we  should  feel  our- 
selves bound  to  adopt  the  foreign  system  of  protectiYe 
duties,  and  army  conscription. 

Condition  of  Mining  Industries  and  other  Industries 

AT  Home  and  Abroad. 

To  pass  on  to  Mr.  Percy's  remarks  on  the  present  condi- 
tion of  our  mining  industries,  it  cannot  be  denied  that  they 
have,  on  the  whole,  for  many  years  been  greatly  depressed, 
and  that  the  depression  still  continues ;  but  is  the  depression 
confined  to  the  mining  industries  or  to  this  country  alone  P 
Has  there  not  been  an  equivalent  depression  in  ugriculture 
and  in  every  trade  and  industry ;  and  who  can  read  the 
official  reports  from  foreign  countries  without  admitting  that 
the  depression  has  been  universally  felt  ?  Mr.  Percy  refers 
to  the  latest  financial  statements  of  three  of  the  most 
important  mining  companies  in  the  United  Kingdom,  and 
finds  that,  whilst  there  has  been  but  little  profit  made  by  any 
of  them,  in  only  one  case  has  there  been  any  actual  loss.  I 
have  obtained  particulars  from  the  reports  of  some  of  the 
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Oerman  Chambers  of  Commerce/from  which  it  seems  that 
things  in  that  country  are  even  worse  than  here,  and  that 
the  German  colliery  proprietors  have  been  working  for  years 
with  great  loss.  For  example,  30  collieries  in  the  "  Upper 
Official  Administration  of  the  Dortmund  District/*  in  the 
year  1885,  suffered  the  loss  of  6,000,000  Marks  (£300,000). 
It  may  seem  strange  toj  Mr.  Percy  that  in  these  official 
reports  one  of  the  chief  causes  alleged  for  the  unsatisfactory 
state  of  things  is  the  inability  of  German  to  compete  with 
English  coal ;  a  clear  proof  of  this  being,  that  in  Hamburg 
English  coal  is  sold  at  Is.  per  ton  less  than  German  (West- 
phalian)  coal.  From  £1,500,000  to  £2,000,000  have  been 
paid  every  year  recently  for  English  coal  imported  to  the 
north  German  ports.  It  should  also  be  borne  in  mind  that 
when  prices  were  good,  as  in  1873,  no  trade  or  industry  in 
England  was  more  prosperous  than  the  mining  industry. 
How  many  fortunes  have  been  made  in  our  own  time  and  in 
our  own  neighbourhood  through  the  coal  trade,  in  some 
cases  by  gentlemen  who  (to  their  own  honour  be  it  said) 
commenced  their  careers  as  working  men !  And  why  should 
it  be  taken  for  granted  that  times  are  never  to  improve 
^ain  as  they  have  done  before  in  recurring  cycles  by  some 
mysterious  working  of  econonuc  forces  which  it  is  almost 
impossible  to  trace?  It  must  also  be  borne  in  mind  in 
•considering  questions  relating  to  mining  matters,  that 
mining  is  always  to  some  extent  of  a  speculative  nature 
.and  subject  to  many  vicissitudes.  How  can  this  be  better 
illustrated  than  by  the  fact  that  in  a  certain  district  in  the 
neighbourhood  of  Wigan  very  satisfactory  results  are  being 
•obtained  by  colliery  proprietors  even  at  the  present  time  in 
consequence  of  an  unexpected  discovery  of  cannel.  The 
information  which  Mr.  Percy  gives  as  to  the  development 
of  the  American  mining  industries  is  certainly  more 
interesting  than  encouraging  to  us,  and  it  must  of  necessity 
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be  admitted  that  no  amouift  of  legislation  or  enterprise  wiH 
enable  English  coal  to  be  delivered  at  Pittsburg  at  Is.  a  Urn 
to  compete  with  the  natural  gas  we  are  told  about ;  but  it 
must  not  be  taken  for  granted  that  the  requirements  of  tlit 
whole  world  are  yet  so  fully  provided  for  that  there  is  no 
chance  of  our  finding  fresh  outlets  for  the  produce  of  our 
English  mines.  What  about  the  so-called ."  Dark  Continent," 
which  is  now  so  rapidly  being  streaked  with  light  P  Would 
not  any  improvement  in  general  trade  lead  to  a  renewal  and 
increase  of  the  ocean  carrying  power  of  the  world  (which  in 
so  preponderating  a  degree  is  supplied  by  this  country)  with 
a  corresponding  result  upon  the  languid  pulse  of  our  mining 
industries  P  Nor  is  it  altogether  unlikely  (though  by  no 
means  to  be  desired)  that  fresh  continental  wars,  in  which 
(thanks  to  our  insular  position)  we  are  fortunately  not 
likely  to  be  involved,  may  paralyse  foreign  industries  with  a 
similar  result  to  the  mining  industries  of  this  country  which 
is  attributed  to  the  last  struggle  between  France  and 
Germany. 

Profits  thkottohout  Leases  should  be  considered. 

My  next  observation  must  be  that  having  regard  to  the 
successive  periods  of  inflation  and  depression,  mine-owners 
have  clearly  a  right  to  ask  that  the  profits  from  the  com- 
mencement of  the  leases  should  be  considered  relativelv  to  the 
royalty  rents,  and  not  merely  the  relation  of  the  two  at  the 
present  period  of  depression  ;  that  the  period  when  pig  iron 
touched  £10  a  ton,  and  coal  passed  a  sovereign  a  ton,  should 
be  brouglit  into  the  calculation  as  well  as  the  present  period, 
when  nothing  like  one-half  of  those  prices  c^q  be  realised. 
No  doubt  some  leases  were  granted  on  exaggerated  terms  at 
the  period  of  the  inflation  before  referred  to  ;  but  such  leases 
form  only  a  small  proportion  of  the  existing  leases,  and  have 
in  many  cases  been  revised.  Mr.  Hewlett's  opinion  as  to 
mining  matters  is  undoubtedly  of  the  highest  value ;  but  I  do 
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not  feel  bound  to  admit  that  the  conclusions  we  should  at 
first  sight  be  disposed  to  draw  from  his  opinions,  in  the  way 
that  they  are  presented  to  us  by  others,  must  necessarily  be 
correct ;  for  instance,  when  he  tells  us  of  the  increased  cost 
to  the  lessees,  resulting  from  recent  legislation  for  the  pro- 
tection of  mines,  is  there  nothing  for  us  to  put  in  the  other 
side  of  the  scales  P  There  must  surely  be  some  compensa- 
tion for  the  increased  cost  of  such  protection  by  the  reduced 
number  of  accidents  occurring  in  mines ;  and  what  is  the 
increased  expense  compared  with  the  inconvenience,  loss, 
and  misery  resulting  from  such  great  explosions  as  have, 
unhappily,  from  time  to  time  occurred  in  this  country,  and 
which  it  is  the  main  object  of  the  legislation  to  prevent  ? 

Royalties  at  Home  and  Abroad. 
But  it  would  be  idle  to  dispute  that  the  burthens  on 
mining  lessees  are  greater  than  they  used  to  be,  and  (although 
it  is  unreasonable  to  ignore  altogether  the  possibility,  nay, 
even  the  prospect,  of  an  improvement)  it  is  by  no  means 
likely,  or  in  the  interests  of  the  consumer  to  be  desired,  that 
the  famine  prices  of  1873  will  ever  occur  again.  It  is  but 
right  therefore  that  we  should  consider  whether  anything 
can  be  effected  by  fair  and  legitimate  parliamentary  action, 
or  otherwise,  to  encourage  the  mining  industries  during  the 
still  gloomy  period  of  depression.  But,  before  dealing  with 
this  most  important  part  of  the  subject,  I  think  it  will  be 
more  convenient  for  me  to  make  the  few  observations  I  have 
to  offer  with  respect  to  the  particulars  as  to  royalties  in  this 
coimtry  and  abroad,  given  in  Mr.  Percy's  paper.  I  have  no 
intention  of  following  Mr.  Percy  into  the  details  he  has 
collected,  or  of  attempting  to  criticize  the  estimates  he  has 
made  with  respect  to  the  royalties  charged  in  this  country  ; 
though  it  must  be  very  difficult  to  arrive  at  a  perfectly 
correct  estimate  of  the  percentage  of  price  per  ton  corres- 
ponding to  such  royalties,  seeing  that  they  vary  not  only  in 
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different  ooonties,  but  diao  in  diSerant  districta^  and  eren  at 
different  mines  in  each  district^  aocording  to  a  Tast  Tuiety 
of  cireumstancesy  whilst  the  selling  price  of  the  mineaK 
which  must  be  brought  into  the  calculation,  also  Taries.  If 
the  parliamentary  enquiry,  which  is  propoeed,  should  be 
made,  no  doubt  we  shall  obtain  further  data  for  farming  an 
accurate  opinion  on  the  subject. 

With  respect  to  foreign  royalties,  however,  I  must  point 
out  that  the  Blue  Book,  to  which  I  have  before  referred, 
shows  that  in  the  various  countries  in  which  the  ownerdiip 
of  mines  is  vested  in  the  State,  the  charges  in  the  nature  of 
royalties  are  often  far  from  being  nominaL  In  order  to 
illustrate  what  they  in  fact  amount  to,  I  have  obtained 
particulars  of  the  payments  made  in  respect  of  a  colliery  in 
the  Dortmund  District  of  Germany,  producing  yearly  about 
68,000  tons  of  coal,  and'find  that,  including  the  direct  tax 
(which,  by  the  way,  is  two  per  cent,  on  the  gross  value  at 
the  time  of  the  output  of  the  produce  taken  from  the  mine, 
and  not,  as  Mr.  Percy  leads  us  to  suppose,  a  tax  only  on  the 
net  profits  of  the  undertaking)  supplemented  by  Gt>vemment 
charges  on  account  of  insurance  funds  and  other  beneficial 
institutions,  the  total  charge  amounts  to  the  sum  of  12,363 
marks  (about  £618),  without  reckoning  anything  for  land 
occupied  and  damage  to  the  surface. 

General  Arguments  cannot  be  based   on 

particular  cases. 

No  general  argument  can  be  based  upon  special  cases  such 
as  are  quoted  by  Mr.  Percy,  in  reference  to  individual 
instances  of  charges  made  by  lessors  in  respect  of  mines.  If 
such  cases  are  fully  enquired  into,  it  may  often  be  found  that 
satisfactory  explanations  may  be  given  for  what  at  first 
sight  may  appear  to  be  cases  of  hardship.  I  must  own  that 
when   I    first   read   Mr.   Percy's   paper    I   was   somewhat 
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startled  at  what  appeared  to  be  an  undue  demand  on  the 
part  of  a  lessor  in  the  case  of  the  Dolcoath  mine,  where  he 
tells  us  that  a  fine  of  £25,000  was  levied  by  the  lessor  before 
granting  the  renewal  of  a  lease.  By  a  strange  coincidence 
however,  it  happened  that  on  the  same  day  that  I  read  Mr. 
Percy's  paper,  I  received  the  prospectus  of  "  The  Anglo- 
Austrian  Tin  Company,  Limited,"  under  ordinary  circum- 
stances 1  am  afraid  that  this  would  have  been  consigned  to 
the  waste  paper  basket :  but  it  so  happened  that  the  word 
^*  Dolcoath "  caught  my  eye,  and  accordingly  I  looked 
through  the  prospectus.  My  surprise  was  great  when  I 
found  that  the  most  attractive  feature  contained  in  the 
prospectus  was  a  report  from  Captain  Josiah  Thomas, 
described  as  ''  Manager  of  Dolcoath,"  in  which  he  states 
that  he  has  examined  the  mine  to  which  the  prospectus 
refers,  and  he  makes  the  following  remark  (printed  in  large 
letters  in  the  prospectus)  :  **  I  may  here  observe  that  this  is 
about  the  same  average  produce  as  the  tin  raised  at  Dolcoath 
mine,  where  we  are  at  present  making  a  profit  of  about 
je50,000  (Fifty  thousand),  per  year." 

As  the  report  is  dated  30th  January,  1888,  I  at  once  came 
to  the  conclusion  that  the  fine  levied  by  the  landlord  has  not 
had  an  altogether  ruinous  effect  upon  the  Dolcoath  under- 
taking even  in  these  depressed  times.  I  have  since  been 
favoured  with  particulars  showing  that  certain  special 
•circumstances  existed  under  which  the  owner  was  justified 
in  asking,  when  the  opportunity  presented  itself,  for  a 
larger  slice  of  the  cake  of  which  his  lessees  had  previously 
been  getting  the  lion's  share.  And  if  there  have  been  cases 
in  which  lessees  have  had  to  bear  heavy  burthens,  there 
have  also  been  cases  in  which  they  have  got  by  far  the  best 
of  the  bargain,  striking  instances  of  which  are  well  known 
to  everj^  one  acquainted  with  mining  matters  in  this 
country. 

26b 
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RaTIHO  of  R0TALTIB8. 

One  other  matter  as  to  which  I  most  ojflfer  some  obsertt* 
tions  ia  Mr.   Percy's  statement  that  "royalties    pqr  no 
rates/'    This  is  a  statement  which  has  reoentlj  been  veij 
urgently  put  before  the  public,  and  has,  I  belioTe,  giTcn 
rise  to  a  considerable  amount  of  misoonoeption.     There  esa 
be  no  doubt  that  the  impression  sought  to  be  oanyeyed,  and 
which  is  accepted  by  some  persons  without  sufficient  eon- 
sideration,  is  that  a  certain  class  of  property  is  exempted 
from  rates,  and  that  if  such  property  were  charged  with  1 
fair  proportion  of  the  rates,  the  rates  on  other  propwtj 
would  be  considerably  reduced.    This  impression  is  alto- 
gether incorrect,  and  is  bound  to  be  remoyed  by  a  Teir 
slight  consideration  of  the  principles  on  which  rating  of 
property  is  based,  and  of  the  arrangements  which  are  usoallj 
made  between  lessor  and  lessee.     The  main   principle  on 
which  all  descriptions  of  property  are  rated  is  the  same. 
The   property  is  rated  on   the  annual  rental    value    (an 
allowance  being  made  for  rates  and  taxes,  insurance  and 
repairs).     Take  the  case  of  house  property.     Houses  are 
rated  on  the  annual  rental  value,  after  making  the  slight 
deductions   before   referred  to.      It  is   merely   a  question 
between  the  landlord  and  the  tenant  which  pays  the  rate — 
sometimes  it  is  the  one  and  sometimes  the  other  ;  but  if  the 
tenant  paid  a  rate  upon  a  house  based  upon  the   annual 
rental  value  and  the  landlord  had  to  pay  a  rate  upon  the 
rent  again,  surely  that  would  amount  to  rating  the  same 
property  twice  over.     It  is  exactly  the  same  with  mines. 
The  annual  rental  value  is  rated  each  year :  in  the  case  of 
mines  which  are  let  upon  lease  it  is  no  doubt  usual  for  the 
lessees  to  pay  the  rate  because  leases  of  minerals   usuallj 
contain  a  covenant  to  that  effect  and  the  rents  are  calculated 
on   that   understanding ;    but  this   is  merely  a  matter  of 
bargain  between  the  landlord  and  his  tenant  which  does  not 
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affect  the  public.  If,  however,  after  the  tenant  had  paid 
the  rate  based  on  the  annual  rental  value  of  the  mines  the 
landlord  had  to  pay  a  rate  on  the  royalties,  which  are  the  renU 
of  the  mines,  surely  that  would  be  rating  the  same  property 
twice  over.  In  the  case  of  a  mine  owner  who  works  his 
own  mines,  if  it  were  to  be  held  that  royalties  should  be 
rated  apart  from  the  mines  the  owner  would  first  have  to 
pay  his  rates  upon  the  annual  value  of  his  mines,  and  would 
then  have  to  take  a  simi  equal  to  the  amount  of  the  royalty 
he  would  pay  in  case  he  were  a  lessee,  which  would  be  again 
the  annual  rental  value  of  his  mines,  and  would  have  to  pay 
a  second  rate  on  the  same  annual  rental  value.  Even 
assuming  that  there  may  be  some  case  for  an  alteration  of 
the  usual  arrangement  with  regard  to  payment  of  rates  as 
between  lessors  and  lessees,  that  would  not  in  any  way  affect 
the  general  public  by  diminishing  the  rates  upon  other 
property.  It  has  been  suggested  that  when  bargains  are 
made  for  letting  mines  the  lessees  overlook  the  covenant  for 
payment  of  rates,  and  that  the  landlord,  by  a  bit  of  sharp 
practice,  throws  upon  them  unawares  all  the  burthen  of  the 
rates ;  but  anyone  who  has  had  any  practical  experience  of 
the  lengthened  negociations  which  generally  occur,  and  the 
searching  investigations  of  the  terms  of  mining  leases  which 
usually  take  place  before  such  leases  are  completed,  will 
know  that  lessees  are  not  to  be  deluded  in  such  a  manner. 
Mr.  Percy  has  also  discovered  that  in  some  cases  ironstone 
lessees  can  deduct  from  their  royalties  one-half  of  all  local 
rates,  and  seems  to  conclude  that  he  has  found  a  fresh  cause 
of  complaint,  as  he  asks  ''Why  one  law  for  ironstone 
royalties  another  law  for  coal  P"  Here,  again,  a  little  study 
of  history  comes  in  useful.  The  liability  to  rates  of  mines 
other  than  coal  mines  (coal  mines  having  been  rateable  since 
the  reign  of  Queen  Elizabeth)  was  for  the  first  time  esta- 
blished by  the  Rating  Act  of  1874 ;  and,  as  the  leases  of 
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ironstone   mines   granted    previously   to  that  date  would 
generally  have  been  entered  into  on  the  understanding  that 
the  mines  were  not  liable  to  be  rated,  it  was  by  the  same 
Act  equitably  provided  that,  where  at  the  commencement  of 
the  Act  the  lessee  was  exempt  from  payment  of  rates  and 
afterwards  became  liable  to  pay  them,  he  might  deduct  one- 
half  of  such  rates  from  his  royalty.     The  Act  does  not, 
however,  apply  to  the  case  of  any  mines  where  the  lessees, 
knowing  that  their  mines  were  liable  to  be   rated,  have 
specifically  contracted  to  pay  all  rates.     There  is,  therefore, 
no  distinction  between  the  incidence  of  rating  in  the  case  of 
coal  mines  and  of  ironstone  mines  which  have  been  let  on 
similar  conditions  and  under  similar  circumstances  ;  and,  in 
the  case  of  ironstone  mines  held  under  leases  granted  since 
1874,  as  in  the  case  of  coal  mines,  the  payment  of  all  the 
rates  is  usually  made  by  the  lessee.     But  the  subject  of 
rating  is  somewhat  abstruse,  and  when  people  who  do  not 
look  far  into  things  for  themselves  are  persistently  told  that 
royalties  pay  no  rates  without  having  it  explained  to  them 
that  the  property  in  respect  of  which  the  royalties  are  paid 
is  fully  rated,  and  that  the  method  of  pa}Tnent  is  merely  a 
matter  of  arrangement  between  lessors  and  lessees,  they  are 
apt  to  imagine  that  there  is  something  wrong.     Were  it 
only  to  prevent  such  an  impression,  it  might  be  desirable 
that  in  future  leases  some  new  system  could  be  adopted  for 
division  of    rates  between   the   lessors   and   lessees,  regard 
being  given  to  that  fact  in  considering  the  terms  of  letting, 
though  I  do  not  see  that  any  altogether  satisfactory  system 
of  division  could  be  arrived  at  except  one  which  should  vary 
from  time  to  time  according  to  the  beneficial  value  of  the 
different  interests  in  the  property.     There  is  much   more 
which  might  be  usefully  said  on  this  subject  of  rating,  but 
it  would  be  outside  the  scope  of  the  present  discussion. 
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Proposals  for  Relief  to  Lessees. 

I  now  come  to  the  methods  approved  of  by  Mr.  Percy, 
for  alleviating  the  difficulties  with  which  lessees  have  to 
combat  under  the  present  depressed  condition  of  the  mining 
industries.     It  must  be  remembered  that  Mr.  Percy  does 
not  look  forward  to  any  possible  improvement  in  trade  ;  the 
only  prospect  he  can  hold  out  to  the  mining  lessees  seems 
to  be  that  by  arrangement  or  legislation,  they  may  obtain 
relief  from  the  burthens  they  have  undertaken  in  connection 
with  their  leases ;  and,  following  the  fashion  of  the  times, 
he  very  soon  begins  to  talk  about  interference  with  contract ; 
and  seeks  to  justify  his  suggestion  that  there  should  be  such 
interference  in  the  case  of  mining  leases  by  reference  to  a 
number  of  legislative  enactments,  the  most  important  of  all, 
as  he  says,  being  the  establishment  of  a  land  commission 
(in  Ireland).     I  cannot  for  one  moment  admit  the  parity  of 
the  cases.     I   have  the   pleasure  of  being   personally   ac- 
quainted with  a  large  number  of  colliery  proprietors,  and  I 
am  happy  to  say,  that  their  personal  appearance  would  of 
itself  preclude  me  from  comparing  their  case  with  that  of 
the    starving    peasantry   of    Ireland  I     I   do   not  for   one 
moment  deny  that  the  public  necessity  will  justify  state 
interference    with    contract ;     but,    I    would    recommend 
gentlemen,  for  whom  this  cry  of  interference  with  contract 
seems  to  have  a  special  fascination  to  study  the  constitution 
of  that  most  truly  Democratic  coimtry  in  the  world,  the 
United  States  of  America,  and  they  will  find  that  it  is  there 
recognised  that  such   interference   should  not  take  place 
without  very  grave  necessity ;   for,  although  there  are  38 
States   and  7   Territories  in  the  Union,   having  in  most 
respects  the  right  of  making  their  own  respective  laws,  it 
is  specially  provided  by  the  Constitution  that  no  State  shall 
pass  any  law  imparing  the  obligation   of  contracts,  and  (to 
quote  from  the  essay  on  the  Constitution  of  the  United 
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States  by  Mr.  Phelps,  the  United  States  Minister  in 
England,  pablished  in  the  Febmary  number  of  the  Ifm- 
ie$fUh  Century),  the  result  of  tiiis  fundamental  law  is  ihit 
''No  oontraot,  whether  executed  or  executory  e:qirBSi  or 
implied  deriyed  from  State  Charter  or  from  pnwaU  agrm- 
metU  can  be  affected  by  any  subsequent  legislation,  either  in 
any  material  feature  of  its  obligation,  or  by  depriving  iti 
parties  of  a  remedy  for  its  riolation,''  whilst,  alihoogh  (si 
in  England),  real  estate,  may  under  spedal  cmnunstanoet  be 
taken  for  a  public  use  in  the  true  sense  of  the  word,  that  is, 
an  actual  use  by  the  general  public,  it  cannot  be  taken  from 
one  man  and  given  to  another  on  the  ground  that  the  pobUe 
is  to  be  incidentally  or  indirectly  benefitted,  and  in  all  esses 
where  property  is  taken  for  public  use  it  must  be  paid  for 
before  it  is  occupied.  This  should  assist  us  in  considering 
the  measures  which  are  being  placed  before  the  present 
Session  of  Parliament  in  the  interest  of  mining  lessees. 

Bill  as  to  Cornwall  and  Devon. 

The  first  is  a  ''  Bill  to  amend  the  Law  relating  to  Mining 
Leases  in  Cornwall  and  Devon."  Now  it  is  well  known 
that  the  whole  law  with  respect  to  mines  in  the  counties 
of  Cornwall  and  Devon,  is  different  from  that  prevailing  in 
other  parts  of  the  country.  In  those  counties  an  ancient 
immemorial  jurisdiction  has  been  enjoyed  by  a  court  known 
as  "  The  Stannaries  Court,"  for  dealing  with  questions 
relating  to  mines,  and  it  by  no  means  follows  that  laws 
which  might  be  passed  regulating  questions  relating  to 
mines  in  those  counties  should  necessarily  be  applied  to  the 
rest  of  the  country  ;  still  there  can  be  no  doubt  that,  if  sll 
the  principles  involved  in  the  Bill  to  which  I  have  referred 
were  admitted  even  within  the  Stannaries  jurisdiction,  there 
would  be  a  strong  precedent  created  for  their  adoption 
elsewhere.  The  Bill  is  intended  in  the  first  place  to  enable 
mining  adventurers  to  acquire  a  particular  district  for  their 
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operations,  on  having  arranged  with  two-thirds  of  the  owners 
of  the  minerals  within  the  district  by  obtaining  from  the 
Stannaries  Court  a  licence  to  work  within  the  boundaries 
of  the  remaining  owners,  even  without  their  consent,  but  on 
the  same  terms  on  which  the  majority  of  the  owners  have 
agreed  to  let  their  mines.  The  power  thus  sought  to  be 
obtained  is  somewhat  high-handed,  but  may  not  be  con- 
sidered altogether  improper  in  a  district  where  there  are 
many  small  owners,  and  where  there  is  an  established  court 
specially  qualified  to  make  equitable  arrangements  between 
the  parties.  In  the  next  place  the  Bill  is  intended  to  entitle 
lessees  to  compulsory  renewals  of  their  leases  upon  terms  to 
be  settled  in  case  of  difference  by  reference  to  arbitration. 
An  objectionable  principle  seems  to  me  to  be  involved  in 
this  provision  which  I  shall  refer  to  later  on.  The  Bill 
then  provides  that  if  land  be  damaged  the  lessor  shall 
(notwithstanding  any  provision  to  the  contrary)  not  be 
entitled  to  receive  any  penal  sum,  but  only  the  fair  market 
value  of  the  land  with  an  additional  sum  for  severance  and 
other  consequential  damage.  The  law  of  England  does  not 
favour  penalties,  and  there  is  not  likely  to  be  much  objection 
raised  to  this  provision.  The  last  provision,  which  seeks  to 
entitle  the  lessee  to  all  buildings  erected  by  him  during  the 
term  for  mining  purposes  (notwithstanding  any  covenant  to 
the  contrary),  is  altogether  opposed  to  the  recognized  princi- 
ples of  the  law  of  real  property  in  England. 

Mr.  Peace's  Bill. 

The  other  measure  which  is  proposed  to  be  brought  in 
during  the  present  session  is  Mr.  Peace's  "  Bill  for  the 
Belief  of  Mineral  Tenants,"  which  is  referred  to  fully  in 
Mr.  Percy's  paper.  The  object  of  this  Bill  is  to  entitle 
lessees  to  a  compulsory  extension  of  the  terms  of  their  leases, 
tor  the  purpose  of  enabling  them  to  get  minerals  for  which 
they  have  paid,  by  a  renewal   of  their  leases  during  a 
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farther  term  not  exceeding  a  period  of  one-ihird  of  the 
original  term,  without  making  any  further  payment  in 
reepect  of  the  minerals,  in  other  words,  to  supply  renewal 
clauses  which  have  not  heen  bargained  for  in  the  lesMB 
without  any  further  consideration  to  the  lessors.  The 
authority  which  Mr.  Peace  undoubtedly  brings  to  bear  on 
any  measure  which  he  advocates  with  reference  to  mining 
matters  ib  almost  unbounded,  and  it  is  with  the  greatest 
deference  to  his  superior  qualifications  for  dealing  with  the 
subject,  that  I  venture  to  suggest  that  there  are  grounds  for 
objection  to  his  Bill  in  its  present  form ;  and  I  have  all  the 
more  difficulty  in  urging  those  objections  because  I  sympa- 
thise with  the  object  which  he  has  in  view,  and  only  differ 
from  him  as  to  the  means  which  should  with  even-handed 
justice  to  all  parties  be  adopted  for  efEecting  that  object 
He  has  appended  a  pithy  memorandum  to  the  printed  form 
of  Bill,  setting  out  the  grounds  on  which  the  measure  is  pro- 
posed, and  supporting  the  proposal  by  reference  to  certain 
legal  enactments,  granting  relief  from  forfeiture  to  lessees, 
and  to  the  expressions  used  by  Lord  Cairns  in  the  case  of 
Chican  r.  Christie,  to  the  effect  that  a  mineral  lease  resembles 
a  sale.  I  must,  however,  point  out  that  where  the  legislature 
has  interfered  on  behalf  of  the  lessee  in  the  case  of  the 
enactment  referred  to  by  Mr.  Peace,  it  has  been  solely  for 
the  purpose  of  preventing  forfeiture  of  leases  before  the 
expiration  of  the  terms  for  which  such  leases  were  originally 
granted,  and  that,  in  proposing  a  compulsory  prolongation 
of  the  terms  after  the  dates  at  which  they  would  according 
to  the  leases,  have  expired  by  effluxion  of  time,  Mr.  Peace 
is  asking  the  legislature  to  take  a  long  step  in  advance  of 
any  previous  limit  which  has  been  reached.  It  also  appears 
to  me  that  the  quotation  from  Lord  Cairn's  judgment  in 
Gowan  v.  Christie  set  out  in  the  memorandum,  does  not 
really  bear  upon  the  question  of  extension  of  terms.     In  the 
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case  of  Oowan  r.  Christie,  the  lessee  was  not  seeking  to 
prolong  the  tenn  of  his  lease,  but  to  pat  an  end  to  the  tenn 
and  abandon  the  lease,  on  the  ground  that  he  could  not  work 
the  minerals  to  a  profit  (a  contention  which  was  absolutely 
rejected  by  the  Court).  Undoubtedly  in  some  respects  a 
lease  of  mines  partakes  more  of  the  character  of  a  sale  than 
a  letting,  but  in  one  vital  respect,  a  lease  is  altogether 
different  from  a  conveyance.  This  appears  clearly  from  the 
very  saying  of  Lord  Cairns,  quoted  by  Mr.  Peace,  that  a 
mineral  lease  "  is  liberty  given  to  a  particular  individual 
for  a  specific  length  of  time  to  go  into  and  imder  the  land  and 
to  get  certain  things."  The  termination  of  the  liberty  at  a 
specific  time  is  of  the  very  essence  of  the  arrangement. 
But  admitting  the  view  that  a  mining  lease  has  much  about 
it  in  the  nature  of  a  sale,  the  rent  representing  deferred 
payments  of  the  purchase  money,  if  the  transaction  is  looked 
at  in  the  light  in  which  it  would  appear  if  the  purchase  money, 
instead  of  being  deferred,  were^  paid  down  at  the  commence- 
ment  of  the  lease,  the  comparison  of  a  mining  lease  to  a  sale 
seems  to  tell  rather  against  than  in  favour  of  Mr.  Peace's 
proposal.  When  two  parties  agree  upon  a  sale,  be  it  for 
land,  or  for  houses,  or  anything  else,  and  the  purchase  money 
is  paid  down,  the  well  known  maxim  of  caveat  emptor  is  always 
understood  to  apply  and  no  one  would  in  the  absence  of  fraud 
attempt  to  set  aside  the  sale,  on  the  ground  that  the  bargain 
had  proved  to  be  unremunerative  to  the  purchaser.  Mr. 
Percy's  contention  as  to  the  moral  right  of  a  man  to  keep  a 
horse  or  house  or  a  farm  for  which  payment  has  been  made, 
scarcely  adds  much  to  the  force  of  Mr.  Peace's  argument. 
Surely,  if  I  hire  a  horse  or  take  a  house  or  a  farm  for  a 
definite  period,  and,  through  my  own  want  of  foresight  or 
even  misfortune,  I  fail  to  get  the  use  out  of  them  which  I 
expected  during  the  specified  period,  I  cannot  object  to  give 
them  up  at  the  end  of  the  hiring  or  tenancy.      I  think  any 
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one  who  owned  a  home  and  had  let  it  tor  a  jear,  would  be 
more  than  astonished  if  at  the  end  of  the  year  the  tenant 
were  to  state  that  he  had  been  obliged,  say  through  illness, 
to  spend  the  greater  part  of  the  year  at  the  seaside,  and  to 
contend  that  the  owner  ought  on  that  account  to  let  him 
haye  the  house  for  another  year  rent  free  !  I  therefore  am 
unable,  as  yet,  to  see  that  there  is  any  argument  in  fiivoor 
of  Mr.  Peace's  proposal  that  the  Court  should  haye  power 
oompulsorily  to  extend  the  term  of  a  lease.  Mr.  Percy 
refers  to  this  as  "  a  mild  proposal.''  I  presume  that  he  is 
not  himself  an  owner  of  mines  or  he  would  scarcely 
characterise  it  by  that  term.  When  an  owner  has  let  a 
mine  after  a  fair  bargain  for  a  term,  he  is,  I  submit,  justified 
in  expecting  that  during  that  term  he  shall  be  paid  for  the 
mine,  and  that  at  the  end  of  such  term  the  land  may  be 
restored  and  possession  given  to  him  so  that  he  may  again 
deal  with  the  surface  as  agricultural  or  building  land,  free 
from  the  disturbance  incident  to  mining  operations ;  and  I 
submit  that  it  would  be  an  undoubted  hardship  if  he  were 
compelled  to  let  the  mining  operations  be  continued  for  a 
further  term,  against  his  will.  Where  the  minerals  left 
behind  are  valuable  and  there  is  no  objection  to  a  con- 
tinuance of  the  mining  operations,  there  can  hardly  be  many 
cases  in  which  mine  owners  who  are  in  a  position  to  do  so, 
refuse  to  extend  the  terms  of  their  leases  upon  fair  and 
reasonable  conditions.  As  regards  the  case  of  Trustees,  I  believe 
that  Mr.  Peace  would  confer  a  practical  benefit  on  the  whole 
community  'if  he  could  get  the  legal  disabilities  removed 
which  often  stand  in  the  way  of  equitable  arrangements 
being  come  to,  especially  in  the  case  of  Settled  Estates.  A 
great  advance  in  that  direction  has  already  been  made  by 
Lord  Cairns  "  Settled  Land  Act,"  which  has  given  power  to 
tenants  for  life,  to  accept  surrenders  of  leases  and  grant  new 
leases,  the  effect  of  which  is  that,  where  during  the  progress 
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of  a  lease  the  length  of  a  term  is  found  to  be  insuffioent  or 
the  conditions  unsatisfactory,  new  arrangements  may  be  and 
have  already  in  some  cases  been  come  to ;  but  the  great 
difficulty  is  in  the  case  of  trustees  who  have  at  the  present 
time  little  or  no  latitude  in  the  way  of  making  desirable  and 
salutary  concessions  or  remedying  cases  of  hardship,  and  it 
must  be  remembered  that  under  the  Settled  Land  Act  a 
tenant  for  life,  in  exercising]the  powers  given  by  the  Act, 
is  considered  a  Trustee  for  all  the  parties  interested  under 
tne  settlement.  But  when  it  comes  to  a  question  of  com- 
pulsory interference  with  existing  contracts,  I  confess  that 
I  do  not  see,  even  having  regard  to  the  occasional  loss  by 
lessees  of  over-paid  mine  rents  at  the  end  of  their  leases,  the 
existence  of  that  public  necessity  which  alone  would  justify 
such  interference. 

Fixed   Rents. 

The  system  of  fixed  or  certain  rents  is  in  the  present  state 
of  the  law  necessary  in  the  interests  of  the  mine  owner ;  it 
ensures  the  rapid  development  of  the  mines,  and  is  therefore 
advantageous  to  the  workman  and  the  consimier,  and  even  a 
serious  diminution  of  profits  to  the  lessees  is  not  of  itself  "  a 
sufficient  public  necessity"  to  justify  compulsory  interference 
with  the  leases.  As  regards  the  position  of  the  mine  owner 
it  is  simply  necessary  to  point  out  that  he  not  only  naturally 
wishes  to  ensure  the  receipt  in  each  year  of  a  fixed  sum,  but 
that  if  he  did  not  do  so,  the  result  would  be  that  the  lessee 
might  simply  take  the  mines  on  speculation  and  hold  them 
for  years  without  paying  any  rent,  perhaps  hold  them 
during  the  whole  period  of  the  lease  for  the  purpose  of 
preventing  some  one  else  from  working  them.  In  the 
face  of  numerous  legal  decisions  showing  that  a  lessor 
cannot  rely  as  a  safe  substitute  for  a  certain  rent  on 
covenants  to  work  the  mine,  no  owner  could  be  so  unwise 
as  to  place  himself  in  the  risk  of  tying  up  his  mines  for 


533 

years  without  any  return.  What  I  am  saying  is  by  no 
means  imaginary.  My  late  partner,  Mr.  Thomas  Part,  told 
me  some  years  since  of  an  instance  where  a  lease  of  mines 
was  granted  without  reserving  a  certain  rent,  nearly  a 
oentury  before,  and,  until  a  certain  period  before  the  date  of 
our  conversation,  no  coal  had  been  got  or  any  royalty 
received. 

In  another  case  he  told  me  that  he  was  a  trustee  of  pro- 
perty in  which  a  similiar  lease  was  granted  very  nearly  a 
century  previously,  and  in  that  instance  the  mines  had  never 
been  worked  nor  a  farthing  of  royalty  paid  up  to  the  date  of 
our  conversation.  In  consequence  of  cases  such  as  these, 
the  reservation  of  a  certain  rent  has  for  many  years  been 
considered  essential  in  the  letting  of  mines.  The  objections 
already  taken  to  Mr.  Peace's  Bill  apply  equally  to  the  re- 
newal clause  in  the  Devon  and  Cornwall  Bill. 

MiNB  Owners  should  meet  their  Lessees  in  a 

GENEROUS   SPIRIT. 

From  what  has  been  said,  I  think  it  will  be  seen  that  I 
am  strongly  in  favour  of  every  possible  encouragement  and 
even  stimulus  being  given  to  mine  owners,  to  induce  them 
to  assist  and  meet  their  lessees  in  a  fair  and  generous  spirit 
in  the  present  trying  period ;  and  especially  so  as  to  prevent 
the  loss  of  overpaid  rents;  and  that  for  this  purpose  I  think 
the  legislature  might  fairly  be  asked  to  take  action  in  certain 
directions,  which  I  will  endeavour  to  indicate  at  the  end  of 
my  observations.  I  also  consider  that  some  of  the  existing 
forms  of  mining  leases  in  this  country  are  in  many  respect* 
out  of  date,  and  contain  provisions  which  are  unsuitable  to 
the  times,  and  which  I  believe  could  not  be,  if  they  were 
attempted  to  be,  enforced  in  practice.  I  can  only  suppose 
that  they  are  retained  in  the  same  way  in  which  we  still 
stick  to  the  old  Cheshire  measure  in  dealing  with  coal  mines 
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in  Lancashire,  though  that  mode  of  measurement  has  for 
many  years  been  illegal. 

Sliding  Scales. 

I  have  also  been  for  many  years  an  advocate  for  the 
adoption  of  the  sliding  scale  system  of  computing  royalties 
in  this  country ;  but  have  been  assured  by  persons  older 
than  myself  that  it  had  been  tried  in  former  times,  and 
failed  partly  on  account  of  the  disfavour  with  which  it  was 
viewed  by  lessees  when  prices  were  "  sliding  upwards,"  and 
partly  on  apcount  of  the  numerous  disputes  it  gave  rise  to. 
Possibly  the  system  has  been  improved,  for  I  have  received 
particulars  of  satisfactory  arrangements  which  have  lately 
been  made  in  various  parts  of  the  country  for  leases  of  mines 
at  royalties  varying  according  to  a  sliding  scale.  What, 
however,  I  protest  against  is  unjustifiable  interference  with 
contract,  and  anything  approaching  confiscation.  I  know 
that  Mr.  Percy  does  not  advocate  confiscation  directly,  nor 
does  he,  I  believe,  intend  to  advocate  it  indirectly  after  the 
humourous  fashion  of  Henry  George,  when  he  said,  "It  is 

not  necessary  to  confiscate  land,"  but  let  us  "  appropriate 

rent  by  taxation." 

Confiscation  of  Mines  would  not  Benefit  Lessees. 

It  will  have  been  noted,  however,  that  one  gentleman, 
writing  to  the  Manchester  Chiardian  in  reference  to  Mr. 
Percy's  paper,  expresses  the  hope  that  this  Society  will 
advocate  what  he  calls  "  resumption  by  the  State  of  the 
"  nation's  right  in  all  minerals  beneath  the  surface !  "  I 
have  not  got  to  argue  with  the  writer  of  that  letter  ;  but  I 
will  point  out  what  is  undeniably  the  case,  that  confiscation 
of  mines  by  the  State  would  not  bring  much  direct  advant- 
age to  mining  lessees,  even  presuming  that  the  present 
lessees,  who  could  only  make  a  title  to  the  mines  through 
their  lessors,  were  not  despoiled  simultaneously.     The  State 
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would  be  bound,  as  in  the  case  of  Gh>yemment  contracts,  to 
deal  with  the  highest  solvent  bidder;  and  the  royalties 
would  go  to  the  Government  instead  of  the  lessor.  Even 
assuming  that  such  royalties  were  less  in  the  first  instance  than 
the  royalties  charged  by  private  owners,  they  would  not  long 
continue  so.  The  original  holders  of  concessions  would 
sublet  to  new  parties  at  higher  royalties,  representing  the 
full  market  rental  value  of  the  mines,  or  would  sell  their 
concessions,  the  interest  on  the  purchase  money  being 
equivalent  to  royalties.  Such  courses  are  often  adopted  in 
the  case  of  foreign  mines  held  from  the  State,  and  con- 
sequently (as  Sir  Lowthian  Bell  clearly  points  out)  the 
supposition  that  confiscation  by  the  State  would  ultimately 
prove  to  be  for  the  advantage  of  the  lessee,  is  altogether 
illusory.  As  regards  the  advantage  which  might  be  gained 
by  the  general  taxpayer,  I  believe  it  will  be  a  long  time 
before  a  majority  of  Englishmen  will  allow  that  any  such 
gain  would  be  sufficient  compensation  for  the  loss  of  our 
national  morality  ! 

Proposed   Parliamentary   Enquiry. 

It  will  have  been  observed  that  steps  are  being  taken  to 
obtain  a  Parliamentary  enquiry  into  the  subject  of  mine 
rents  and  royalties.  This  proposal  may  at  first  sight  be 
looked  on  by  mine  owners  with  disfavour,  as  it  may  appear 
to  suggest  that  there  is  something  unfair  in  the  present  sys- 
tem of  charging  royalties ;  but  on  consideration  it  wiU 
probably  be  found  that  there  is  no  need  for  them  to  fear  it, 
if  it  is  made  by  Royal  Commission,  and  the  scope  is 
sufficiently  extensive  to  include  an  enquiry,  not  only  into  the 
rents  and  royalties,  but  also  into  the  profits  made  by  lessees 
during  the  course  of  existing  leases  and  also  into  the  causes 
for  the  present  unremunerative  position  of  our  mining 
undertakings  and  as  to  the  proper  means  which  should  be 
adopted  with  the  view  of  improvement.     If  such  an  enquiry 
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were  made,  it  might,  for  instance,  be  found  that  the  difficulties 
existing  in  some  mining  companies  arise,  not  so  much 
from  the  royalties,  as  from  the  fact  that  the  original  lessees 
have  taken  out  of  the  undertakings  at  the  commencement  of 
the  leases  enormous  sums  for  their  interests  in  such  leases, 
which  sums,  if  spread  over  the  whole  terms  of  the  leases  in 
the  shape  of  profits,  would  have  put  altogether  a  different 
complexion  on  the  balance  sheets.  It  may  also  be  found 
that  some  account  should  be  taken  of  the  fact  that  many  of 
our  manufacturing  industries  do  not  look  sufficiently  ahead, 
and  are,  therefore,  not  creating  that  demand  which  would 
arise  if  they  kept  pace  with  the  results  of  foreign  technical 
education  and  enterprise. 

This  supposition  does  not  apply  to  all  our  manufacturing 
industries.  The  other  day  there  appeared  in  the  Man^ 
cheater  Guardian  the  report  of  "  Messrs.  Charles  Cammell 
and  Company,  Limited,"  (Cyclops  Steel  and  Iron  Works, 
Sheffield,)  from  which  it  appears  that  the  net  profits  for  the 
year  1887  were  £132,821.  A  dividend  of  7^  per  cent,  on 
the  ordinary  shares  was  declared,  being  at  the  same  rate  as. 
the  previous  year,  leaving  a  sum  to  be  added  to  reserve  and 
a  further  sum  to  be  carried  forward  to  next  year,  amounting 
together  to  almost  twice  the  amount  of  the  sum  appropriated 
for  dividend.  The  chairman  stated  (and  the  managing 
director  confirmed  his  statement)  that  trade  was 
improving,  and  there  was  every  prospect  of  the 
ensuing  year's  operations  being  similarly  successful. 
They  turned  out  about  1,000  tons  of  rails  every  day, 
and  employed  8,000  to  10,000  hands ;  they  had  five 
places  going,  including  the  colliery,  thus  having  imder  their 
charge  an  inmiense  amount  of  labour  which  must  be  a 
great  benefit  to  the  neighbourhood.  When  they  considered 
all  that  and  remembered  that  they  had  at  their  bankers  a 
comfortable  balance,  he  thought  he  was  justified  in  using 
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the  word  "  splendid/'     No  one  will  deny  that  he  had  a 

right  to  do  80,  and  I  am  given  to  understand  that  if  other 

concerns  in  the  country  kept  moving  with  the  times  in  the 

same  way  as  Messrs.  Charles  Cammel  &  Co.^  Limited,  we 

should  have  much  less  depression  and  hear  much  less  of  the 

cry   for    Parliamentary    assistance    which   is   so    common 

now-a-days. 

Suggestions  for  Legislation. 

In  conclusion  I  will  say  that,  even  admitting  Mr.  Percy's 
view  that  *^  something  must  be  done/'  it  is  not  yet  necessaiy 
for  us  to  violate  first  principles  of  political  economy ;  for 
something  of  practical  use  may  be  done  in  the  following 
directions,  viz. : — 

Removal  of  disability  of   Trustees  to   revise   leases 

and  grant  renewals. 

1st. — Trustees  or  quasi-trustees  should  be  distinctly  em- 
powered in  all  cases,  without  necessarily  going  to  the  Court, 
to  revise  the  terms  of  existing  mining  leases  and  to  grant 
extensions  of  such  leases  with  power  in  granting  extensions 
to  give  the  lessees  credit  for  any  sum  they  may  have  overpaid 
through  fixed  rents  in  excess  of  the  measurement  rents  or 
royalties,  and  also  with  power,  in  altering  existing  leases,  or 
granting  new  leases,  to  adopt  the  sliding  s.ale  system  of 
reservation  of  royalties.  It  has  been  sugge  ted  to  me  that 
it  might  not  yet  be  too  late  to  approach  Lord  Herschell 
with  the  view  of  getting  him  to  introduce  some  such 
provision  into  the  Bill  which  he  has  brought  into  the  House 
of  Lords  this  session,  "To  amend  the  law  relating  to  the  duties 
and  liability  of  Trustees.*'  Such  a  provision,  if  authorized 
by  law,  would  not  only  enable  many  trustees  who  are  willing, 
but  unable  to  make  satisfactory  arrangements  with  their 
lessees  to  do  so,  but  would  also  act  as  an  intimation  to  mine 
owners  not  under  disability,  that  the  legislature  recognizes 
the  propriety  and  desirability  of  such  arrangements  being 
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come  to  where  the  terms  of  leases  have  been  found  to  have 
become  unduly  burdensome. 

To   OBVIATE   NECESSITY   FOR   RESERVATION    OF   HeAVY 

Fixed  Rents. 

2nd. — The  necessity  for  the  reservation  of  heavy  fixed 
rents  (with  the  objectionable  results  of  "overpaid  rents") 
would  be  obviated  if  Parliament  would  authorize  a  some- 
what stricter  construction  being  put  upon  covenants  for 
working  mines.  In  the  United  States  it  does  not  appear  to 
be  usual  to  reserve  fixed  rents ;  but  the  ordinary  form  of 
lease  contains  covenants  by  the  lessee  to  enter  and  work  the 
mine  in  manner  necessary  to  good  and  economical  mining 
so  as  to  take  out  the  greatest  amount  of  ore  possible  icith 
due  regard  to  the  development  and  preservation  of  the  same  as  a 
workable  mine,  and  to  the  special  covenants  contained  in  the 
lease,  and  to  work  the  mine  steadily  and  continuously  from 
the  date  of  the  lease.  If  the  performance  of  covenants  such 
as  these  could  be  specifically  enforced  in  this  coimtry,  there 
is  little  doubt  that  the  system  of  reserving  heavy  certain 
rents  would  gradually  disappear. 

For  Regulation   of  Wayleaves. 

3rd. — Some  legislative  provision  seems  desirable,  with  res- 
pect to  the  regulation  of  wayleaves  (particularly  if,  as  seems 
likely,  owing  to  the  effect  of  the  settled  Land  Act  and  other 
causes,  properties  become  more  divided  in  this  coimtry  than 
they  have  hitherto  been),  to  prevent  mining  adventurers 
from  being  unduly  hampered,  and  to  avoid  minerals  being 
lost  to  the  nation  through  the  perversity  of  individuals.  It 
seems  to  me  that  if  three- fourths  in  number  and  value  of  the 
owners  in  any  specified  mining  district,  which  should  naturally 
be  worked  by  the  same  imdertaking,  are  willing  to  let  their 
mines  upon  fair  terms,  but  the  minority  of  the  owners  refuse 
to  accept  the  same  terms,  the  lessees  may  fairly  ask  to  be 
entitled  to  necessary  wayleaves  through  the  mines  of  the 
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minority  for  the  purpose  d  working  the  mines  of  the 

majority,  of  course  making  reasonable  oompensation  for  the 

use  of  the  wayleaves  and  any  damage  caused  through  such 

nse. 

CoNCLUsioir. 

It  will  be  seen  that  the  legislation  that  I  adTOcate  hat 

nothing  about  it  which  can  be  termed  heroic;  but  I  belicTe 

'that  it  is  practical  and  practicable ;  and  I  venture  to  think 

that,   if    such    legislation    is    speedily  effected,   although 

Mr.  Percy's  **  promised  land  "  may  not  have  been  reached, 

undoubted  relief  to  mining  lessees  will  result  and  the  time 

and  labour  which  has  been  expended  on  the   subject  of 

''Mine  Bents  and  Royalties"  under  the  auspices  of 

Society  will  not  have  been  spent  in  vain. 


ON  MINE  RENTS  AND  ROYALTIES. 

By  Mr.  Joseph  S.  Maktin,  F.G.S. 


I  think  it  can  hardly  be  claimed  that  speculators  or 
inyestors  in  bogus  or  inflated  companies  deserve  sympathy 
from  the  public  to  such  an  extent  that  the  lawful  ownership 
of  minerals  should  be  confiscated  for  their  benefit  if  they 
have  made  a  bad  bargain.  Jealousy  and  greed  haye  much 
to  do  with  these  large  rents,  &c.  I  am  informed  of  the 
following  case  :  a  colliery  proprietor  whose  workings 
approached  some  unlet  coal,  thought  of  taking  it,  as  he  was 
in  a  position  to  work  it  with  advantage  with  some  which  he 
had  already  secured.  But  it  coming  to  the  knowledge  of  a 
neighbour  that  he  was  in  treaty  for  it,  the  neighbour  went 
behind  his  back  and  secured  it,  at  terms  which  are  now 
deemed  onerous  inasmuch  as  he  has  not  been  able  to  get 
any  of  the  coal,  and  a  dead  rent  of  some  £600  per  annum 
has  had  to  be  paid  for  neary  20  years.     Cases  of  this  kind 
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are  bo  numerous  in  the  coal  trade  that  I  folly  believe 
the  lessors  are  the  smaller  delinquents.  Similar  instances 
may  be  found  in  every  commercial  centre,  whether 
dealing  with  coal,  ironstone,  farming,  cotton  spinning, 
engineering,  &c.  Mr.  Percy  says  we  are  imfairly  circum- 
stanced. I  may  say  that  in  (Germany  the  difficulties  far 
exceed  ours,  the  distance  lying  between  their  coal  and  iron 
ore,  and  its  yariable  quality,  being  such  that  I  much  doubt 
whether  with  some  of  our  present  methods  of  working  we 
would  get  on  at  all,  although,  of  course,  the  subject  would 
be  grappled  with  by  us  if  the  need  arose,  just  as  it 
has  been  by  them.  Their  export  difficulties  are  greater, 
owing  to  the  long  railway  carriage,  and  as  regards  mining 
legislation,  it  is  eyen  more  stringent  than  the  sometimes 
much  abused  home  laws.  As  regards  the  royalty 
burdens  of  this  coimtry,  it  is  with  Germany  and  other 
coimtries,  I  believe,  much  the  same,  at  least  if  it  is  not  so 
yet,  owing  to  their  being  space  still  unoccupied  for 
new  comers,  it  is  rapidly  becoming  so.  In  Germany,  for 
example,  the  Crown  is  the  mineral  proprietor,  and  the  con- 
cessions are  granted  with  reservations,  on  the  con- 
dition of  two  per  cent,  royalty  being  paid.  This, 
however,  allows  of  transfer  by  sale  or  other  agree- 
ment, always  subject  to  the  two  per  cent,  to  the  Crown. 
This  was  originally  imposed  with  a  view  of  merely 
covering  the  cost  of  inspection,  but  is  now  retained 
to  help  other  things.  In  most  cases  sufficient  capital 
is  provided  to  purchase  the  coalfields,  and  in  some  cases 
£20,000  to  £30,000  is  paid  for  them  with  all  risks 
as  to  faults,  sinking,  &c.  I  have  known  a  capital  of 
£180,000  expended  without  coal  having  been  reached,  and 
also  several  smaller  capitals  of  £80,000  and  £100,000  lost 
through  sinking  difficulties.  In  Germany  also  a  colliery 
proprietor,  while   subject  to  the  Employers'  Liability  Act, 


hasalio  to  pay  SOtoOOperoentmitlieeompalsaryBUfDiid 
ooDtribntioiu  of  tlie  woricmeii,  the  Bmonnti  beuig>  fixed  fram 
time  to  time  sb  the  funds  require,  ^lis  u  a  biudeD  not  iat- 
pond  in  this  ooontiy,  althoa^  to  nme  extant  Tidantnily 
asdertaken.  In  Spain  where  the  rdations  of  the  Onnnt  m 
to  minersls  are,  I  beliere,  nmilar,  rvytltiat  are  now  not 
mifreqaestly  impoeed  by  the  holden  of  dbnoeeriona,  where 
others  are  desirous  of  working  them.  I  was  infimncd 
recently  by  the  general  manager  of  large  iron  wo^ 
exteasiTely  interested  in  iroQ  ore  woridng  in  Spain,  that  u 
mnch  oa  8d.  per  too  is  being  levied  there.  In  the 
Forest  of  Dean  which  Mr.  Pertff  refers  to,  and  where  2d. 
to  6d.  K^alty  is  paid  to  the  Crown  on  ooal,  I  have  heoi 
informed  of  a  oaae  where,  through  sab-letting,  the  par^ 
working  it  was  paring  2s.  to  2s.  4d.  per  ton.  Can  saeh 
airangemento  be  prevented  ? 


IRISH    MINE    RENTS. 
By   Mr.   Joseph    W.   C.    Meadows. 


Although  the  quantity  of  coal  in  Ireland  is  comparatirely 
little,  I  may  be  pennitted  to  refer  to  it  in  your  present  dis- 
cussioD.  In  the  Leineter  and  Slierardagh  districts  which 
are  our  chief  Irish  coalfielda ;  the  seams,  with  one  single 
exception,  are  thin,  consistiag  of  Anthracite  cool  and  culm 
varying  from  eighteen  inches  to  two  feet  in  thickness. 

For  upwards  of  the  last  thirty  years  over  which  my 
knowledge  of  these  districts  extends,  the  royalties  charged 
by  the  landlords  have  been  from  one-eighth  to  one-twelfth 
of  the  gross  sales,  and  as  a  rule  fixed  Tnini'trmtn  rents  are 
stipulated  for  in  the  mining  leases. 
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In  the  Slieyardagh  district,  for  a  surface  area  of  about 
twelve  square  miles  of  thin  anthracite,  chiefly  culm,  as 
many  as  ten  landlords  had  to  be  reckoned  with,  and  a  com- 
parison of  the  simis  receiyed  by  them  for  mine  rents  and 
royalties  for  the  last  fifty  years,  in  contrast  with  the  returns 
realised  by  those  whose  capital  developed  and  worked  the 
mines,  would  be  instructive. 

The  sub-division  of  freehold  estates  among  the  occupying 
tenants  which  is  now  going  on  in  Ireland  under  the  Land 
Purchase  Acts,  increases  the  difficulties  of  developing  any 
minerals  that  may  hereafter  be  foimd  imder  holdings  so 
acquired  in  absolute  freehold.  It  is  much  to  be  desired 
that  in  any  future  legislation  in  the  same  direction,  or  in 
the  granting  of  further  monies  for  the  creation  of  peasant 
proprietorship  in  Ireland,  all  minerals  and  royalties  should 
be  reserved  to  the  Crown  with  all  necessary  rights  of 
working.  In  the  absence  of  their  being  so  reserved  the 
difficulties  of  dealing  with  the  subject  are  too  obvious  to 
need  any  conmient. 


ON    FOREIGN    AND    HOME    MINE    RENTS    AND 

ROYALTIES. 

By  Mr.  William  Clifford,  M.E. 


In  speaking  of  the  resources  and  ability  of  other  countries 
to  compete  with  us  in  our  large  industrial  enterprises,  it  is 
essential  that  the  statements  and  figures  should  be  accurate, 
upon  which  our  deductions  are  based.  No  comparison  is 
fair  in  considering  the  question  of  mine  rents  and  royalties 
which  does  not  place  side  by  side  the  royalties  payable  in 
this  coimtry  and  those  other  countries  quoted  for  compari- 
son. 


It  ia  also  pooo—ary,  in  uriTing  at  a  proper  eondoaoo,  to 
take  into  aoooont  the  yueying  drenmataiKMa  of  ooat  <rf 
produotion,  the  nearness  or  remoteness  of  the  maiket,  fte. 
If  Te  see  that  ooal  royalties  abroad  are  oftaD  doaUe  aad 
tmblfl  onr  own,  and  wages  higher,  and  in  some  oases  the 
selling  price  lees,  we  mnst  ocnne  to  &»  oonehuion  that  odur 
oaoees  are  (^>erating  to  bring  dxiat  Hm  state  oi  tkinga  now 
^iTJirting  in  Bngliitd. 

I  bare  obsBrred  that  Qiota  Bagliehmen  (and  soiM  (rf 
diem  praotioal  ootlieTy  tnea),  boMing  adTanoed  viewa  oa 
the  sabjeot  of  miiwial  royalties,  who  hara  vintedtite  Unhed 
States  hare  on  thur  return  witiiout  'nriatio&  lost  ai^t  ti 
the  sabjeot  altogether  in  tbdr  elerer,  iaterestii^  and 
odtowise  aooarate  aooonnts  of  ooal  mining  as  oarried  on 
there.  It  is  a  matter  of  sorpriee  that  a  gentkonan  eo  wdl 
informed  as  Mr.  Percy,  and  viQi  his  command  of  reliable 
information,  should  have  used  for  the  purposes  of  com- 
parisoQ  the  astounding  statemeats  contained  in  the  "  spresd 
eagle  "  speeches  of  Mr.  Andrew  Carnegie. 

To  repeat  the  statement  that  coal  was  deUvered  into  the 
mills  at  fiom  28.  6d.  to  3b.  per  ton,  would  in  Pittsbu^li 
produce  a  laugh. 

At  the  time  coal  was  displaced  by  natural  gas,  the  prices 
delivered  into  mills,  glass  works,  &c.,  were  as  under : — 

F«r  ton  of  3000  lb*. 

•.  d. 

Screened  over  l^in.  screen  (large  lumps)    ...t  1*45  =  6    0} 

Do.  fin.     do.    (small  lumps)    ..*l-35  =  5     7j 

Unscreened    *l-20  =  5    0 

The  prices  at  the  pits  would  be  about  Is.  4d.  less. 
The  present  prices  paid  to  the  collier  for  getting  coal 
(which  like  the  royalty  are  on  the  actual  clean  coal  weighed 
into  railway  trucks  by  a  kind  of  "  BiUy  Fairplay  "),  are  as 
under : — 
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Per  ton  of  2000  Ibi. 
Cents.         s.     d. 

Oyer  l^in.  screen  (large  lump)  ....  79  =  3     3| 
Do.    {in.     do.      (small  lump)  ....  65  =  2     8| 
Unscreened 50  =  2    6 

I  haye  thought  it  necessary  to  give  these  matters  at  length 
in  correcting  a  statement  of  a  gentleman  who  has  such 
exceptional  opportunities  of  informing  himself  on  these 
matters.  To  show  that  it  is  not  simply  assertion  against 
assertion,  I  append  official  circular  settling  the  prices 
(of  course,  supposing  the  colliers  consent  to  it)  for  the 
year  ending  April  30th,  1889 : — 

"OFFICIAL    CIRCULAR 


*'0N 


(I 


**  Resolution  and  Scale  of  Prices  adopted  at  the  Joint  Conference 
''  of  Miners  and  Operators  of  Indiana,  Ohio,  and  Western  Pennsyl- 
*'  Tania,  held  in  the  Lafayette  Hall,  Pittsburgh,  Pa.,  February  7th 
*'to9th,  1888. 

**  Reiohed :  That  the  scale  prices  from  May  Ist,  1888,  to  Novem- 
''  ber  1st,  1888,  shall  be  five  cents  per  ton  above  the  scale  base 
''  adopted  by  this  Convention,  and  ten  cents  per  ton  above  scale  base 

from  November  1st,  1888,  to  May  1st,  1889.     The  prices  for  the 

ensuing  year  shall  be  as  follows  : — 

lf»7  lit.  to  Not.  1st.  1888.  to 
Scale  Bmo.   Nov.  1st.  1888.  lUy  Itt.  1880. 

"Hocking      60 

'*  Pittsburgh  district 69 

''BeynoldsviUeandFairmount  65 

«« Indiana,  block    80 

**  Indiana,  bituminous 65 

"Very  truly  yours, 

"A.  DEMPSTER,  Pkbsident. 
"CHEI8.  EVANS,  Secmtart." 

From  this  document  it  will  be  seen  that  there  will  be  a 
reduction  of  5  cents  for  the  first  half  and  present  prices  for 
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getting  ooal  (which  does  not  inclade  hauling  or  patting  or 
dead  work)  for  the  second  half  of  the  coming  year. 

The  present  selling  prices  (March  20th»  1888,)  of  ooal 
loaded  into  railway  waggons  at  the  collieries  in  the  neigh- 
hoarhood  of  Pittsburgh  is  as  below : — 

Pttr  ton  of  fOOdbi. 
•.    d. 

Screened  oyer  l^in.  screen  (Large  lump) . . . .  1 1*10=4    5 

Do.  Jin.     do.    (small  lump)  90c  to  tl -10=  4    0 

Unscreened 75  to  80  oent8=3    3 

Carriage  to  Pittsburgh  Is.  6d.  about. 

Royalty  now  payable  where  collieries  are  worked  under 
lease  in  this  coal-field,  6|d.  to  9|d.  per  ton. 

In  speaking  of  natural  gas,  Mr.  Percy  again  &ilB  to  be 
quite  accurate.  Like  some  of  our  colliery  owners  in  the 
good  times  of  1871  and  1872,  the  Pittsburgh  mill  owners 
fancied  they  had  entered  upon  a  new  era  when  gas  was 
discovered  in  such  abundance  four  or  five  years  ago,  and 
notwithstanding  the  predictions  of  eminent  Geologists  like 
Mr.  Lesley,  that  natural  gas  would  probably  be  a  thing  of  the 
})ast  in  the  lifetime  of  some  of  those  who  listened  to  him ;  weUs 
wore  drilled  in  all  directions,  companies  were  organised  to 
supply  districts,  towns,  and  villages,  in  Alleghany,  Beaver, 
and  Washington  counties ;  and  also  to  carry  the  new  fuel 
to  the  ironmaking  districts  in  the  Mahouing  and  Shenango 
Valleys,  about  Newcastle,  Pennsylvania,  and  Toungstown, 
Ohio,  60  miles  away.  The  enormous  pressure  at  the  weUs 
at  first  admitted  of  the  use  of  small  main  pipes,  6  to  8  in. 
diameter,  giving  a  plentiful  supply.  The  pipes  now  used 
to  deliver  about  the  same  volume  are  from  20  to  30  inches 
in  diameter,  the  diminished  pressure  at  the  wells  making 
diminished  friction  in  the  mains  a  condition  of  constant 
supply. 

The  quantity  passing  through  the  12  inch  main  (60  miles 
long)  to  Youngstown,  Ohio,  has  fallen  off  to  such  an  extent 
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that  some  coal  is  now  being  used  there.  With  the  con- 
tinued falling  pressure  at  the  wells,  they  must  return  to  the 
use  of  coal  in  the  large  rolling  mills  and  blast  furnaces  in 
that  town,  or  duplicate  the  pipe  line,  this  last,  remarks  a 
shrewd  Pittsburg  man,  requires  **  dollars  and  some  courage, 
**  and,  I  will  add,  a  little  foolishness  too.  All  natural  gas 
'*  stocks  are  a  long  way  down  below  par  (with  one 
'^exception)/'  That  may  be  taken  as  a  good  gauge  of 
public  opinion  in  Pittsburg. 

The  present  volimies  are  being  kept  up  by  continual 
drilling  of  fresh  wells  in  gas  belts  distant  from  Pittsburg, 
and  no  fresh  belts  have  recently  been  discovered. 

Five  million  tons  of  coal  have  been  displaced  by  natural 
gas  in  Pittsburg  and  the  surrounding  district.  Last  year, 
the  product  of  the  Pittsburg  coal-field  was  500,000  tons 
more  than  in  any  previous  year.  Collieries  which  were 
without  railway  or  river  connections,  closed  when  the 
demand  from  the  mills  and  glass-works  ceased.  Those 
remaining  have  pushed  out  into  the  markets  of  Lake  Erie, 
Canada,  and  the  north-west,  and  to  such  lake  shore  towns  as 
Toledo,  where  the  discovery  of  natural  gas,  a  few  ye^irs  ago, 
produced  an  excitement  which  died  away  with  the  gas 
supply. 

These  are  facts,  and  we  feel  justified  in  expecting  Mr. 
Percy  to  know  them,  when  making  comparisons  on  which  to 
found  arguments. 

The  colliery  owners  about  Pittsburg  are  described  as  now 
engaged  in  a  race  of  cutting  prices  and  increasing  output  to 
cheapen  production.  They  are  rapidly  working  out  the 
available  coal  within  a  reasonable  distance  of  the  city  and 
above  "  water  line,"  with  the  failing  supply  of  natural  gas, 
which  will  very  soon  be  sensibly  felt,  Pittsburg  may  receive 
a  most  serious  check   instead  of  acceleration  in  the  race 
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for  industrial  supremacy,  predicted  for  her  by  Mr.  Andieir 
Carnegie. 

It  was  about  the  commencement  of  the  last  century  that  the 
owners  of  land  in  England  generally,  began  to  find  out  that 
the  coal  under  it  had  a  value,  which  was  probably  unknown  at 
the  time  the  lands  were  acquired  by  grant  or  by  purchase. 
This  value  has  continued  to  increase  until  the  present  day. 

The  same  thing  happened  in  North  America,  when  the 
original  settlers  acquired  lands,  or  when  their  immediate 
descendants  sold  them,  the  coal  and  iron  underlying  them 
were  entirely  lost  sight  of. 

Whatever  we  may  have  to  say  of  the  considerations  in 
respect  of  which  persons  received  lands  in  England,  after- 
wards found  to  contain  valuable  seams  of  coal,  the  condi- 
tions of  acquisition  will  bear  favourable  comparison  with  the 
methods  pursued  by  settlers  in  the  United  States.  Some- 
times they  were  taken  by  force,  and  a  patent  obtained  to 
confirm  the  right  of  the  strongest.  In  other  cases  the  fairer 
minded  frontiers-man  purchased  them  from  the  "noble 
savage,"  and  paid  for  them  in  that  kind  of  currency  which 
made  the  bargain  irresistable  to  an  Indian — barrels  of 
whiskey,  guns  and  ammunition,  knives,  and  hatchets.  The 
contents  of  a  wagon  often  covered  the  purchase  of  many 
square  miles. 

In  the  many  grants,  royal  and  republican,  referring  to 
vast  tracts  extending  over  degrees  of  latitude  and  longitude, 
no  reservation  of  minerals  has  ever  been  mentioned,  and  no 
American  statesman  or  lawyer  has  ever  raised  the  question. 
He  would  be  considered  in  America  a  bold  and  a  dangerous 
man  who  should  attempt,  at  this  time  of  day,  to  legislate 
away  the  enormous  "  unearned  increment "  in  coal  lands. 

Two  centuries  here,  and  nearly  one  century  in  the  State  of 
Pennsylvania,  have  been  required  to  develop  the  value  of  coal 
seams.     A  few  years  only,  and  in  some  cases  months,  have  wit- 
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nessed  the  same  transformation  in  parts  of  Yirgima,  Kentucky, 
and  Tennessee.  Land,  underlaid  with  coal  and  covered  with 
good  timber,  is  to-day  to  be  bought  in  the  mountain  regions 
in  those  States  at  as  low  as  50  cents  (2s.)  per  acre. 

A  few  years  ago  a  syndicate  bought  enormous  tracts  of 
this  kind  of  land  with  three  seams  of  coal  outcropping  in 
the  hill-sides.  The  bulk  of  the  purchase  was  as  low  as  28. 
per  acre.  The  whole  was  immediately  re-sold  to  a  company 
at  £1  per  acre.  In  1884  this  company  was  desirous  of 
leasing  one  of  the  seams  imder  a  part  of  their  huge  domain 
at  the  modest  royalty  of  7Jd.  per  ton  on  the  10  feet  thick  of 
coal  usually  taken  out.  A  railway,  75  miles  long,  had  been 
built  into  the  district  with  English  bondholders'  money, 
and  by  the  same  means  the  coal  was  carried  to  market  from 
an  adjacent  colliery  already  in  operation,  300  miles  for  5s.  3d. 
per  ton. 

I  believe  Mr.  Percy's  figures  for  royalty  in  Yorkshire  and 
the  Midlands  are  greatly  in  excess  of  the  amounts  paid. 
It  is  not  enough  to  quote  the  prices  paid  in  1871  and  1872. 
One  notable  case,  where  the  Silkstone  coal  was  then  leased  at 
£560  an  acre,  the  pits  were  sunk,  and  the  owner  failed  as 
soon  as  they  were  bottomed.  The  coal  was  leased  the  other 
day  at  £130  (I  am  informed)  per  acre. 

In  the  North  Derbyshire  district  I  know  only  one  Silk- 
stone  colliery  at  present  at  work  where  the  royalty  is  6d. 
per  ton,  and  in  that  case  the  landlord  only  gets  3^d.  :  it  is 
worked  by  a  sub-lessee. 

Below  will  be  found  the  royalties  received  by  the  largest 
owner  of  minerals  in  the  county  : — 

Top  Hard  Seam. — Highest,  £150  ;  lowest,  £88  per  acre. 
Greater  part  let  at  £90 ;  average  produce,  6,500  tons 
per  acre  ;  4*39  pence  per  ton  royalty. 

Deep  Soft  Skam. — ^Highest,  £70  per  acre.  Yields  6,000 
tons  per  acre  ;  2*6  pence  per  ton  royalty. 
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TuPTON  Seam.— Highest,  £60;   lowest,  £44;   say  £48 

average.     Yields  4,000  tons  per  acre ;  2*5  pence  per 

ton  royalty. 
Black   Shale,    a   Silkstonb    Seam. — Highest,    £100; 

lowest,  £48 ;  average,  say  £80.     Yields  5,000  tons 

per  acre ;  3*84  pence  per  ton  royalty. 

A  hearty  vote  of  thanks  to  the  contributors  of  the  papers 
was  proposed  and  carried  unanimously. 


ASHWORTH'S  PATENT    HEPPLEWHITE-QRAY 

SAFETY  LAMP. 

By  Mr.   James  Ashwokth. 


In  the  course  of  the  safety  lamp  experiments  made  by 
Mr.  William  Smethurst  and  myself,  at  Brynn,  near  Wigan, 
in  1878-9,  a  full  report  of  which  is  jDiinted  in  your  Transac- 
tions, Vol.  XV.,  Part  VI.,  we  tested  a  lamp  of  the  Eloin 
type  called  the  Gray,  and  reported  that  it  was  a  safe  lamp, 
but  heavy  and  furnished  with  an  insufficient  outlet  for  the 
products  of  combustion. 

To  this  statement  the  inventor,  Mr.  Thomas  Gray,  of 
Taibach,  Glamorgan,  took  great  exception  in  a  letter  to  the 
Colliery  Ouardian,  of  the  22nd  April,  1886,  and  I  replied 
privately  to  explain  that  the  Gray  was  heavy  as  compared 
with  the  shielded  lamps  in  use  in  1878,  but  not  as  compared 
with  the  shielded  lamps  of  1886,  and  that  the  insufficient 
outlet  still  existed. 

Mr.  Gray  then  forwarded  me  one  of  his  lamps  to  test  and 
alter  in  any  way  I  might  desire,  and  as  it  had  certain 
distinctive  points  to  recommend  it  I  felt  encouraged  to  try  to 
make  a  successful  lamp  especially  adapted  for  gas  testing 
purposes.     In  this  opinion,  I  do  not  appear  to  have  been 
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singalar  for  the  late  Mines  Accidents  Commissioners  drew 
pcuticular  attention  to  the  Gray,  and  one  of  them  brought 
out  a  modification  called  the  Clifton,  the  practical  failings  of 
which  were  such  that  it  never  passed  out  of  the  experimental 
stage.  This  did  not  deter  the  Commissioners  from  placing 
it  in  a  most  prominent  position  in  their  final  report  coupled 
with  a  list  of  its  failings  and  also  some  remedial  sugges* 
tions. 

The  first  defect  was  the  danger  of  the  glass  cracking  from 
the  heat  produced  by  gas  burning  at  the  cyliiidrical  strip  of 
gauze  immediately  under  it,  and  they  suggested  that  a 
horizontal  gauze  ring  should  be  introduced  to  extend  from 
the  neck  of  the  oil  vessel  to  the  underside  of  the  glass 
cylinder,  covered  by  a  short  conical  metal  shield  similiar  to^ 
but  more  open  than  that  surrounding  the  wick  tube  of  the 
Eloin.  A  thin  cylindrical  glass  of  a  refractory  kind  placed 
loosely  within  the  ordinary  cylindrical  glass  was  also 
proposed. 

Another  great  defect  was  the  loose  cover  over  the  outlet 
gauze  which  was  not  secured  to  the  frame,  and  therefore 
afforded  no  real  protection  to  this  gauze  which  was  of  too 
small  area,  and  lastly,  no  means  were  provided  for  shutting 
out  inflammable  gas. 

This  long  list  of  black  marks  had  only  one  redeeming 
point,  viz. :  that  the  Gray  was  better  suited  for  the  purpose 
of  searching  for  fire  damp  near  the  roof  of  a  working  place 
than  the  Marsaut  or  the  Mueseler. 

My  first  alterations  were  directed  towards  adapting  the 
novel  parts  of  my  lamps  Nos.  2  and  4  of  the  Mines  Accident 
Report  to  the  Gray,  and  to  do  this  I  took  out  the  horizontal 
gauze  disc  and  the  tin  cones  from  within  the  cylindrical 
shield  or  chimney,  and  replaced  the  former  by  a  slightly 
conical  gauze  fitted  at  the  base  with  copper  rings  flanged  to 
clip  the  top  of  the  glass,  and  the  latter  with  a  conical  outlet 
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permanently  attached  to  the  top  of  the  cylindrical  shield, 
and  lastly,  the  loose  cover  was  made  a  fixture. 

These  improvements  with  |the  addition  of  a  truncated 
conical  glass  and  a  flat  wick  tube  constituted  the  main 
points  of  my  improved  Gray  as  exhibited  by  me  at  the 
Newcastle-on-Tyne  Royal  Mining  Engineering  and  In- 
dustrial Exhibition,  and  for  which,  and  my  other  lamps  the 
jury  awarded  me  the  only  medal  for  **  Improvements  in 
Safety  Lamps." 

This  improved  Gray  with  the  additions  that  I  have 
patented,  and  which  are  described  below,  is  the  lamp  I  have 
now  the  pleasure  of  introducing  to  your  notice  and  criticism 
at  the  invitation  of  your  Jubilee  President,  Mr.  Dickinson- 
'*The  shut  oflf"  is  a  circular  plate  which  revolves  or 
screws  on  the  top  frame  of  the  lamp  and  closes  all  the  inlet 
holes  at  once,  end  when  put  into  action  immediately  extin- 
guishes all  flame  within  the  lamp.  I  may  here  remark 
that  no  mechanical  "shut  off""  is  really  required  for  this 
lamp,  as  all  flame  may  be  completely  extinguished  by 
turning  the  lamp  upside  down   and  without  spilling  any  oil. 

The  bottom  gauze  or  sieve  ring  originally  had  three  or 
four  rectangular  openings  through  its  cylindrical  side, 
covered  by  gauze,  and  was  rendered  very  weak  by  the 
cutting  away  of  so  much  metal,  but  it  is  now  made  very 
strong  with  a  solid  cylindrical  side,  in  which  a  groove  is  cut 
in  the  outer  circumference,  and  holes  bored  through  from 
the  bottom  of  the  groove.  The  outer  circumference  is 
covered  by  gauze,  thus  forming  an  annular  space  between 
the  gauze  and  the  holes,  the  useful  purpose  of  which  is  to 
gain  a  larger  area  of  gauze  for  the  inlet  air,  without 
increasing  the  size  of  the  ring,  and  to  obtain  a  better  pro- 
tection for  the  glass,  and  also  to  efiect  the  same  object  that 
Professor  Clifton  obtained  with  a  double  gauze  over  the 
inlet  and  a  copper  cone,  and  finally  to  make  the  extinction 
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of  the  wick  flame  and  gas  more  certain  when  the  latter 
explodes  within  the  lamp  (that  is  when  the  gas  testing 
arrangement  is  not  in  use). 

The  Gas  Testing  Arrangement. — The  introduction  of 
shielded  lamps  having  become  compulsory,  the  old  and 
favourite  naked  Davy  lamp  is  no  longer  applicable  to  the 
necessities  of  the  day,  and  I  have  devoted  many  months  to 
experimental  research  to  find  out  a  method  that  would  equal 
and  if  possible  surpass  the  Davy  in  accuracy  and  be  very 
simple  in  its  details. 

To  attain  this  object  I  cut  one  or  more  holes  near  the 
base  of  one  or  more  of  the  inlet  tubes,  or  through  the  lamp 
frame  of  the  Gray  type  of  lamp,  and  either  above  or  below 
the  glass  in  lamps  of  the  Clanny,  Mueseler,  or  Marsaut 
types,  such  holes  being  covered  by  movable  shutters,  which 
regulate  the  admission  of  fresh  air  to  the  wick  flame,  in- 
dependently of  the  ordinary  course  of  the  ventilating 
current  of  air  within  the  lamp.  Consequently,  shield  lamps, 
which  are  properly  constructed  to  take  the  whole  of  their 
air  supply  from  the  top  or  near  the  top  of  the  shield,  can 
be  used  to  make  accurate  tests  of  fire-damp  with  very  little 
risk  of  the  wick  flame  becoming  extinguished  by  an  excess 
of  gas  when  this  arrangement  is  added  to  them,  but  the 
tests  are  not  so  accurate  or  quickly  made  mth  these  lamps 
as  with  the  Gray  type. 

The  fireman  or  official  controls  the  whole  lamp  with  one 
hand  only,  when  making  a  test  for  fire-damp  using  the 
thumb  and  forefinger  to  regulate  the  admission  of  fresh  air 
where  the  tube  slides  are  used,  and  one  finger  or  thumb 
where  the  other  arrangements  are  adopted.  Thus,  when 
the  fireman  commences  to  test,  he  pushes  up  one  or 
both  the  shutters  and  raises  his  lamp  in  the  ordinary 
way  but  without  lowering  the  wick  flame,  until  the 
spiring    up    or    elongation    of   the    flame    indicates    the 


preaoQce    at   gae,    or    the    lamp    reaches    the    highest  pait 
of  the  mine   without  an  indication. 


At  this  point,  the  holes  are  gradually  closed,  and 
any  small  percentage  of  gas  is  present  it  will  he 
indicated  as  before  deBcribed.  With  deflector  or  double 
shielded  safety  lamps,  such  as  Ashworth  Mueseler  (B), 
which  I  hold  in  my  hand,  a  sliding  ring  ta  fitted  either 
horizontally  or  vertically  at  the  base  of  the  shield,  and 
when  the  fireman  or  deputy  is  testing  for  gas,  he  first  clotes 
the  holes,  to  compel  the  whole  of  the  inlet  air  to  enter  near 
the  top  of  the  shield,  and  as  soon  as  the  wick-flame  indicate 
gas,  he  opens  the  shutter  to  save  the  wick-flame  from  extinc- 
tion by  an  excess  of  gas.  It  has  always  been  a  mle  to  lower  the 
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wick-flame  of  the  Davy  or  Clanny  lamp  to  obtain  accurate 
and  close  tests,  but  in  this  case  the  finest  tests  are  made  with 
a  normal  or  full-sized  flame,  and,  as  some  indication  of  the 
relative  values  of  various  lamps,  I  append  particulars  of  a 
few  notable  tests  made  by  Mr.  Hepplewhite,  which  show  the 
value  of  this  lamp  as  a  means  of  detecting  gas  when  com- 
pared with  lamps  in  ordinary  use. 

I. — "  A  small  quantity  of  gas  was  found  issuing  out  of  a 

*  break  at  the  gate  lip  which  was  sufficiently  strong  to  put 
'  my  lamp  out  with  the  shutter  down,  and  yet  neither  the 
'  Davy,  Clanny,  or  Marsaut  would  show  one  particle  of  gas." 

II. — "  A  feeder  of  gas  was  freely  issuing  from  a  break  in 

*  a  gate  road,  a  cloth  had  been  erected  the  whole  of  the 
'  width  of  the  gate  and  to  within  about  a  foot  of  the  roof 

*  with  a  very  fair  amount  of  air  passing  over.    I  could  hold 

*  the  lamp  (A.H.G.)  any  length  of  time  in  the  mixture  and 
'  it  would  continue  to  burn  full  of  flame  when  the  shutter 
'  was  open,  but  with  the  shutter  closed  the  light  could  not 
'be  recovered.  A  Clanny,  a  Marsaut,  and  a  Mueseler 
'tested  in  a  similar  way  were  all  extinguished,  but  the 
'  Davy  was  not  extinguished." 

III. — "I  have  tested  with  the  Marsaut  and  Mueseler 
'  lamps  to  compare  them  with  the  Ashworth-Hepplewhite- 
'  Gray  lamp,  and  I  find  that  they  will  not  show  gas  until 
'  raised  nine  inches  higher." 

IV. — **I  have  have  frequently  found  gas  with  the 
'  Ashworth-Hepplewhite-Gray  lamp  when  no  other  lamp 
'  would  show  a  trace  of  it." 

Mr.  R.  B.  Mawson,  in  moving  a  vote  of  thanks  to  Mr. 
Ashworth,  said  the  question  of  safety  lamps  was  one  of 
great  importance  to  all  mining  engineers,  and  they  coidd 
not  go  too  deeply  into  the  matter  of  which  was  the  best 
lamp.  They  had  a  great  many  before  them  at  present,  but 
they  might  have  something  still  further  in  that  direction. 
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PEAESON'S  PATENT  "ECLIPSE'*  MINEBS'  SAFETY 

LAMP. 

Bt  Mr.  J.  E.  MooBB. 


I  have  much  pleasure  in  introducmg  to  your  notioe 
Pearson's  Patent  ''Eclipse"  Miners'  Safety  Lamp.  Mr. 
J.  S.  Burrows,  in  his  paper  read  before  this  Society,  on  the 
3rd  March,  1885,  remarked — ''The  best  lamp  known, 
properly  secured ;  provided,  cleaned,  and  maintained  hy  the 
owners ;  is  absolutely  necessary  for  the  safe  working  of  oar 
coal  mines." 

I  have  the  greatest  confidence  in  stating  that  I  believe 
you  have  before  you  to-day  the  very  best  miners'  oil  safety 
lamp  that  has  ever  been  introduced  to  the  public,  and  it  is 
difficult  to  see  how  it  is  to  be  improved  upon.  Apart  alto- 
gether from  the  automatic  action  of  the  lamp,  which  is  its 
special  feature,  I  can  safely  say  it  is  fully  equal  to  the  best 
lamp  known  of  its  kind,  and,  if  anything,  we  believe  the 
light  to  be  even  better.  The  miner  has,  therefore,  in  his 
hands,  to  start  with,  a  lamp  fully  equal  to  the  best  miners' 
oil  lamp  made.  In  addition  to  this,  by  an  ingenious 
arrangement,  before  it  would  be  possible  for  an  explosion  to 
take  place,  no  matter  what  quantity  of  inflammable  gas  the 
lamp  may  be  passing  through,  the  light  is  extinguished  and 
the  air-feed  cut  off  simultaneously  ;  so  that  any  blue  flame 
which  might  linger  in  the  gauze  of  the  lamp  is  instantly 
put  out  through  the  air  being  excluded. 

The  automatic  action  of  the  lamp  in  extinguishing  the 
light  is  extremely  simple.  Right  across  the  wick,  and 
parallel  with  it,  a  spring  is  fixed,  to  which  is  attached  a 
copper  extinguisher,  which  lies  well  below  the  flame  when 
the  spring  is  at  tension.  From  one  side  of  the  wick  two 
npright  rods  ascend  into  the  funnel  of  the  lamp,  one  being 
rather  longer  than  the  other.     The  smaller  rod  is  attached 
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to  the  spring,  and  when  the  spring  is  at  tension  the  smaller 
rod  is  brought  right  up  to  the  longer  one,  and  is  fastened  to 
it  by  a  fusible  metal  band,  which  passes  round  the  forks  at 
the  extreme  ends  of  the  rods,  and  which  can  be  made  to 
break  at  any  given  temperature. 

Level  with  the  air-feed  is  a  kind  of  lock,  formed  of  two 
small  bars,  about  an  inch  apart,  fixed  at  right  angles  to  the 
smaller  of  the  two  rods  just  alluded  to,  and  parallel  with  the 
air-feed.  When  the  extinguisher  spring  is  at  tension, 
the  lower  of  the  two  bars  is  level  with  the  air-feed,  and 
supports  a  lever  which  passes  through  a  hole  in  the  gauze 
and  keeps  open  the  air-feed.  This  it  does  by  fixing  itself  in 
a  slot  which  is  so  constructed  that,  when  the  lever  lies  in  it, 
the  air  apertures  in  the  shut-off  are  exactly  over  the  air 
apertures  in  the  lamp,  and,  while  so  fixed,  a  spring  in  the 
shut-off  is  at  tension.  Immediately  the  fusible  band  breaks, 
the  wick  flame  is  extinguished,  and  the  lever  being  pressed 
by  the  higher  bar  of  the  small  rod,  which  has  now  fallen  on 
it,  is  raised  out  of  its  slot,  and  the  spring  in  the  shut-off 
being  brought  into  action,  all  air  is  immediately  excluded, 
and  any  flame,  of  whatever  nature,  which  might  linger  after 
the  extinguisher  had  fallen  on  the  wick,  must  by  this 
additional  safeguard,  be  put  out. 

As  the  automatic  action  for  the  shut-off  is  in  the  strongest 
part  of  the  lamp  no  jambs  can  affect  it,  and  there  is  nothing 
in  the  nature  of  the  action  which  coidd  cause  any  current  to 
drive  the  flame  through  the  gauze.  As  the  shut-off  is 
worked  by  an  independent  wire  spring,  no  dirt  or  grit  can 
hinder  its  action. 

By  using  a  fusible  band,  which  would  only  break  at  a 
Tory  high  temperature,  the  lamp  can  be  adapted  to  firemens' 
use,  or,  if  needful,  it  can  be  set  so  that  the  band  does  not 
break  at  all,  in  which  case  it  answers  all  the  purposes  of  the 
best  ordinary  safety  lamp. 
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You  have  on  the  table  one  of  the  lamps  in  qneitiaii, 
which  we  are  quite  willing  to  have  pnt  to  any  test  We 
haye  alao  brought  on  experimenting  apparatua,  so  that  joo 
may  be  able  to  see  here  whether  the  lamp  f  ally  bears  out 
the  high  character  we  have  given  it,  and  which  has  sbo 
alr^y  been  given  to  it  by  high  authorities  elsewhere. 

The  inventor  of  the  lamp,  Mr.  Pearson^  is  present  snd 
will,  I  am  sure,  be  only  too  glad  to  g^ve  any  further 
explanation  of  the  lamp  that  may  be  needed. 

Mr.  WiNSTANLKY  askcd  how  long  it  took  to  take  the 
lamp  to  pieces. 

Mr.  Pbarson  said  they  had  not  really  tested  it,  but  thej 
could  put  it  together  as  soon  as  a  Johnson  and  Claphsm'* 
lamp.  It  was  so  constructed  as  to  prevent  the  possibility  of 
any  accident  taking  place. 

Mr.  MooKE  said  whilst  the  Mueseler  would  go  out  of  itself 
the  Eclipse  would  only  go  out  automatically. 

The  President  said  there  was  a  lamp  in  use  in  Mon- 
mouthshire in  which  the  light  was  put  out  by  means  of  a 
small  piece  of  tin. 

Mr.  Hall  :  What  about  the  cost  of  this  lamp. 

Mr.  Pearson  :  It  will  be  about  the  same  as  Johnson  and 
Clapham's.  I  shall  be  glad  to  put  it  to  any  test  after  the 
meeting.  

CUNLIFFE'S    PATENT    HYDRAULIC 

COAL-GETTER. 

By  Mr.  Maunsell  Mercier,  M.E. 


I  will,  with  your  permission,  assume  that  we  are  all  of 
one  mind  as  to  the  desirableness  of  substituting  a  mechani- 
cal method  of  coal- getting  for  gunpowder  or  other  explosives 
in  the  working  and  winning  of  gaseous  and  dusty  mines, 
provided  such  mechanical  appliance  will  perform  the  work 
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in  an  efficient  and  economical  manner.     And  I  will  further 
assume  that  we  are  agreed  as  to  the  danger  which  must  of 
necessity  accompany  the  use  of  any  explosive,  and,  on  the 
other  hand,  that  with  mechanical  methods  this  danger  is 
completely  overcome.      I  have  every  confidence  in  saying 
that  Gunlifie's  Patent  Hydraulic  Goal-getter  is  capable  of 
working  almost,  if  not  all,  the  mines  in  the  English  coal- 
field, whether  worked  on  the  pillar  and  stall  or  long  wall 
system,  and  can  be  used  with  satisfaction  in  most  mines  in 
the  roof  or  warrant    The  Cunliffe  Patent  Hydraulic  Coal- 
getter  applies  the  great  power  of  hydraulics  in  a  manner 
which  is  more  perfect  in  principle  and  mode  of  application 
than  any  previous  invention,  and  there  is  practically  no 
limit  to  the  power  it  can  apply  at  the  back  of  the  hole  to 
bodily  pull  and  break  off  the  coal.     Unlike  other  machines 
for  the  getting  of  coal,  it  is  not  a  wedge,  and  does  not  exert 
its  force  to  break  or  wedge  the  coal  down  vertically,  but  in 
a  horizontal  direction.     The  machine  you  have  before  you 
to-day  will  exert  a  pressure  of  some  25  tons  by  one  man 
pumping,  and  stronger  machines  are  in  course  of  manufac- 
ture, which  will  enable  one  man  to  put  on  a  pressure  of  30 
tons  and  upwards.     The  machine  is  so  simple  to  operate 
that  any  collier  can  work  it  after  seeing  it  once  used.    After 
the  hole  has  been    drilled    3^in.   diameter,   the   working 
barrel  (B)  is  placed  in,  and  well  to  the  back  of  the  hole,  the 
two  semi-circular  keys   (DD)  are  then  tightly  driven  in, 
when  the  head  (A)  may  be  screwed  on,   and   the   pump 
actuated.     In  most  cases  the  charge  of  water  in  the  head  (A) 
will  be  more  than  sufficient,  and  the  whole  operation  (after 
the  hole  is  drilled)    does  not  exceed,  at  the  outside,    five 
minutes.     The  machine  is  of  a  very  portable  form,  and  can 
easily  by  carried  by  one  man  from  place  to  place,  the  whole 
weight  not  exceeding  401b8.     The  advantage  claimed  for 
CunlifEe's  Patent  Hydraulic  Coal-getter  are  as  follows: — 


1.  Can  be  used  with  greater  rapidity  than  the  water  cart- 
ridge. 2.  No  loss  of  work  caused  to  the  collier  bv  missed 
shotfi,  and  therefore  give  a  more  regular  output,  3.  Is  more 
economical  than  an  explosive,  the  first  cost  of  the  TQachine, 
with  a  slight  addition  for  repairs,  being  the  only  expense, 
giving  a  clear  gain  on  each  shot  of  the  cost  of  the  explosive 
and  fuse.     4.  No  noxious  gaaea  or  fumes  being  given  off,  it 
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IB  a  great  improvement  to  the  sanitary  state  of  the  mine. 

5.  Gives   a    greatly  increased  percentage  of  round   coal. 

6.  Does  not  require  the  coal  to  be  holed  to  as  great  a  depth 
as  with  an  explosive  and  therefore  reduces  the  height  of  the 
balching  to  a  minimum.     7.  Can  be  used  in  the  presence 
of  gas  with  absolute  safety.     8.  No  risk  of  injury  to  life  or 
limb  by  shots   going  off   whilst  charging.      9.  Does  not 
require  any  powerful   detonators,   which  are  a  source   of 
great  danger.      10.  Can  be  used  by  the  collier  or  any 
workman  of  average  skill.     11.  Are  not  liable  to  get  out  of 
repair.     The  cost  of  the  machine  (complete)  is  £14,  but  one 
Iiead  or  pump  can  be  used  to  several  working  barrels,  which 
greatly  reduces  the  expense.     For  comparison  of  the  costs 
of  working  we  will  compare  the  three  systems  in  a  mine 
similar  to  our  "Wigan  Four  Feet,  raising  three  hundred  tons 
per  day,  and  worked  on  the  long  wall  system.     For  three 
hundred  tons  per  day  we  will  assume  seventy-two  colliers 
are  required,  each  man  having  one  shot  fired  per  shift — 
equal  seventy-two  shots  per  shift — and  say  two  hundred 
and   sixty  working  days  equal   18,720  shots  per  annum. 
Powder. — "We  will  take  each  shot  to  cost  4d.,  and  18,720 
shots   at    4d. — equal    £312    expenditure   per    annum    on 
78,000  tons  of  coal,  which  is  equal  to  'OGd.  per  ton.     Water 
Cartridge, — ^We  will  take  each  shot  to  cost  6d.,  and  18,720 
shots  at  6d. — equal  £468  expenditure  per  annum  on  78,000 
tons  of  coal,  which  is  equal  to  l'14d.  per  ton.     Cunliffe^s 
Hydraulic   Coal-getter. — "We  will  take  one  head  and  two 
machines  at  a  first  and  only  cost  of  £20  to  be  sufficient  for 
six  men.     Seventy-two  colliers  will  therefore  require  twelve 
sets  of  machines  at  £20 — equal  £240,  or  a  saving  in  the 
first  year  of  £72  over  powder  and  £228  over  the  water 
cartridge.     If  we  base  our  calculation  on  20  per  cent,  on  the 
outlay  of  capital,  the  cost  each  year  for  the  Hydraulic  Coal- 
getter  will  be  £48,  as  against  £312  and  £468,  and  £48  for 
78,000  tons  of  coal  per  annum — equal  •14d.  per  ton,  a^^gaix^^. 
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'96d.  and  l*44d.  In  these  estimates  I  have  made  no  allow- 
ance for  the  increased  percentage  of  round  coal,  which  will 
not  be  less  than  from  10  to  15  per  cent.^  which  will  more 
than  coTer  the  cost  of  any  extra  labour  in  drilling  larger  holes. 

Mr.  Hall  said  if  the  inTention  would  only  cany  oat 
what  was  claimed  for  it,  it  would  be  very  Taluable. 

The  Presidknt  said  he  imderstood  lliat  the  coal  getter 
was  in  use  at  Duxbury  Park  Colliery  and  Ilosebridge,  and 
that  it  differed  somewhat  from  the  old  hydraulic  process. 

Mr.  Mercier  said  that  was  so. 

The  Presidknt  :  Several  which  have  come  under  my 
notice  have  not  been  successful,  but  this  appears  to  have 
considerable  merit. 

Mr.  Grundy  said  that  he  had  seen  it  in  satisfactory  use 
at  Duxbury  Park  and  thought  there  was  considerable 
danger  of  the  coal  falling  on  the  men  whilst  pumping  if 
the  gob  was  closo  to  the  face  of  the  coal. 

Mr.  Mercier  said  all  danger  could  be  obviated  by  the 
machine  not  being  used  until  the  gob  was  taken  away. 

The  President  said  the  coal  would  come  down  slowly 
and  not  suddenly  as  with  powder. 

Mr.  Mercier  said  in  many  cases  where  the  coal  was 
nearly  ready  for  coming  down,  they  unscrewed  the  head  of 
the  machine  and  took  it  out  of  the  way  of  being  damaged 
by  the  coal  falling. 

Mr.  WiNSTANLEY  Said  there  was  a  coal  getter  in  use  in 
South  Staffordshire  which  was  something  like  Mr.  Cunliffe's. 

Mr.  Mercier  said  there  were  several  material  points  of 
difference. 

Mr.  ItoiuNsoN  :  Is  it  possible  for  the  ram  to  come  out 
without  bringing  the  coal  ? 

Mr.  Mercier  said  that  was  not  possible  if  the  keys  were 
properly  driven  home. 

Mr.  RoRiNsoN  :  Can  you  get  the  machine  out  without 
bringing  the  coal  down,  if  it  had  failed  to  do  its  work  ? 

Mr.  Mercier  said  in  that  case  they  would  have  to  drill 
another  hole,  the  same  as  they  woidd  have  to  do  in  case  of  a 
missed  shot  with  powder. 
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Paet  XX.  Vol.  XIX.  Session  1887-8. 


The  Ordinary  Meeting  of  the  Members  (and  the 
last  of  the  Session,)  was  held  on  Tuesday,  June  5th,  1888,  at 
the  Kooms  of  the  Manchester  Literary  and  Philosophical 
Society,  Gteorge  Street. 

The  President,   Mr.   Joseph  Dickinson,   F.G.S., 

in  the  Chair. 


The  following  are  the  recent  additions  to  the  Library : — 

Belfast — Natural  History  Society:  Proceodings,  1874-75. — From  the  Society, 
Cambridge  :  Annua]  Report  of  the  Library  Syndicate,  1888. 
Chesterfield  and  Midland  Counties'  Listitute  of  Engineers  :  Transactions, 

Part  7,  Vol.  XIV.  ;  Parts  4  and  5,  Vol.  XVI.— JVom  the  Institute, 
Cornwall— Boyal  Geological  Society  of :  Transactions,  Part  2,  Vol.  IX. — 

From  the  Society. 
Edinburgh — Royal  Physical  Society:   Proceedings,  1886-87. — From  the 
Society, 

Royal  Society  of :  Proceedings  for  Sessions  1883-4,  1884-5, 1885-6, 

1886-7.— JVom  the  Society, 
Essex  Naturalist:  Nos.  1-6,  Vol.  11,— From  Eaeex  Field  Club, 
Hertfordshire  Natural  History  Society  and  Field  Club:   Transactions, 

Part  8,  VoL  IV.— JVwn  the  Society, 
Leeds — Philosophical  and  Literary  Society  :   Annual  Report,  1887-8.— 

From  the  Society, 
Leicester— Literary  and  Philosophical  Society  :   Transactions,  Parts   6 

and  7. — From  the  Society, 
Liverpool — 36th  Annual  Report  of  Free  Public  Library,  Museum,  &c. 

Two  copies. 
London— Quarterly  Journal  of  Geological  Society,  Nos.  173-174  ;  Vol. 
XUV.— i^'nwi  the  Society, 
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LcmdoQ.— Royal  Society :  Prooeedings,  Koa.  261-266,  YoL  XTiTTT. ;  Noi. 

266-267,  YoL  XUY.— JFVvm  tMs  SoeUtp. 
OeologiBts*  Anocution :  F^rooeedingBy  Nos.  8-6»  YoL  X^—Fnm 

ihs  A99oeiutum* 

Geological  liagazine,  Xoi.  286-289.— AnvAMMf. 

Inatitate  of  Mechanical  Engineen:  Proceedinga,  No.  1,  1888.— 

JVoM  ths  ImtituU. 

Tear  Book  of  Sdentifio  Bodetiea,  1888.— AiyAgwrf. 

Report  of  Britiflli  AModation  —  Haxicheater  lieetiiig,  1887.— 

Frwtmted  by  the  AuoeUUioH. 
Kancheeter— Literary  and  Fhiloeophical  Society :  Ftooeedinga,  YoL  X., 

8rd  Seriea,  and  Yols.  XXY.  and  XXYI.— JVom  the  Society. 
Field  Natoraliati'  Society :  Report  for  1887.-'lVo«i  the  Society. 


Midland  Institute  of  Mining  Engineen :    Tranaactiona,    Bute  93-96, 

Yd.  XI.— i^VvM  the  Inititute. 
Mining  Institute  of  Scotland :  Transactions,  Ptets  8-9,  YoL  IX. ;  Puts 

1-2,  YoL  X.— .FVom  the  InttituU. 
Newoastle-npon-l^ne— Xorth  of  England  Institute  of  ICning  Engineen : 

Transactions,  Parts  2-4,  YoL  XXXYII.— .F^vm  the  Inetitute. 
Oxford— Radcliffe  Library  Catalogne,  1887. 
South  Wales  Institute  of  Engineen :  Proceedings,  Nos.  6-6,  Yol.  XV.— 

Frwn  the  Imtitute. 
Warwickshire  Naturalists'  Field  Club  :  Proceedings,  1887. — From  the  ChA. 
Yorkshire — Geological  and  Polytechnic  Society  of  :  Transactions,  Pui  3, 

VoL  IX.,  N.  S.— J'rom  the  SpeUty. 
Canada — Canadian    Institute,    Toronto :    Proceedings,    1888,    Yol.    Y., 
Fasc.  2 ;  Annual  Report,  1887.— JVoin  the  Inetitute. 

Montreal — Mc.Gill  University :  Now  Species  of  Fossil  Sponges, 

Canada. — From  Sir  J.  W.  Dawson. 

Montreal — Geological  and  Natural  History  Survey  of  Canada: 

Annual  Bex>ort,  Yol.  n.,  1886. — From  the  Director  of  the  Survey. 

Ottawa — Canadian  Mining  Review,  Nos.  2-6,  Vol.  YT. 

U.S.A. — 7th  Annual  Report  of  the  Califomian  State  Mineralogist,  1887. 

Cambridge — Harvard  College,  Museum  of  Comparative  Zoology : 

Bulletin,  Nos.  6-9,  VoL  XIII. ;   Vols.  XIV.  and  XY.     Three 

Cruises  of  the  **  Blake,"  No.  1,  Vol.  XYI.— /Vom  A.  AyattU. 
Indiana— Geological  and  Natural  History  Survey  of :  16th  Report, 

1885-6.- .Frow  John  CoUett. 
Minnesota — Geological  and  Natural  History  Survey   of :    15th 

Annual  Report,   for  year   1886 ;    Bulletin,  Nos.   2-4. — From 

N.  n.    WincheU,  State  Geologist. 
New  York — American  Institute  of  Mining  Engineen  ;   lYans- 

actions,  Index,  Vols.  I.  to  XV.,  in  one  vol. — From  the  Institute. 
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U.S.A. — Philadelphia — Franklin  Institute  :   Joomal,  Nos.  746-760,  Vol. 

CXXV.— from  the  Institute. 
Philadelphia — ^Academy  of   Natural  Sciences  of :    Proceedings, 

Part  2,  April-August,  1887  ;    Part  3,  September-December, 

1887. — From  the  Academy, 

Philadelphia — Pennsylvania  Geological  Survey:  Annual  Report, 

1886 ;  Part  1,  Ck)al  Regions ;    Part  2,  Oil  and  Gas  Regions 
(with  Atlas) .     Atlas  of  Western  Middle  Anthracite  Field ; 
Atlas  of  Bucks  and  Montgomery  Counties.— i^Vvm  the  Board  of 
Commiseionert. 

Pottsville—Colliery  Engineer,  Nos.  6-11,  VoL  VIII. 

• Washington — United  States  Geological  Survey:  Mineral  Resources 

of  United  States,  1886. 
■  Washington— U.S.   Geological  Survey:    Coal.     By  Charles  A. 

Ashbumer. — From  the  Author, 
India — Records  of  the  Greological  Survey  of  India,  Vols.  I.  to  XX., 

complete;  Part  I,  Vol.  XXI. — From  the  Oovemor-General  of  India 

in  Council. 
Sydney,  N.S.W.  —Journal  and  Proceedings  of  the  Royal  Society  of  New 
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THE    SOUTH    DXTEHAM    SALT    BED    AND 

ASSOCIATED    STRATA. 

Bl  Mk.  W.  J.  Bird. 
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It  ifl  well  known  that  the  diacorery  of  a  workable  bedof 
salt  ID  the  Tecs  district  is  of  comparativelj  recent  date,  A« 
first  exploration  being  commenced  by  Messrs.  Bolckow  tod 
Yaughan,  who  put  down  a  boring  at  Middlesbro'  in  18S9. 
For  a  number  of  years  no  results  followed  from  this  di>- 
covery,  but  in  1874  MessrB.  Bell  Bros,  reached  the  salt  bed 
Dear  Port  Clarence  by  boring,  and  eitablishcd  brine  welli 
and  salt  pans.  Since  that  date  operations  have  been  gradaaSij 
extended,  and  borings  have  been  made  over  an  extenrite 
area,  proving  the  extension  of  a  continuous  salt  bed  under  a 
considerable  district. 

Papers  descriptive  of  the  salt  bed  have  been  read  by 
T.  Hugh  Bell  before  the  Cleveland  Institute  of  Engim 
and  ratire  recently  by  Sir  Lowthian  Bell  before  the  Iniii- 
tute  of  Civil  Engineers,  Since  the  publication  of  the  latter 
paper  the  northern  boundary  of  the  salt  field  has  be« 
roughly  determined  by  a  scries  of  borings  oztendlng  &0B1 
Hartlepool  to  Grcatbam. 

The  geological  characteristics  of  the  district  have  often 
given  occasion  for  controversy,  and  our  information  on  Ail 
point  is  almost  entirely  due  to  the  knowledge  of  the  boriig 
sections.  The  whole  area  is  thickly  overlaid  with  a  drift 
deposit,  and  hardly  a  single  open  section  of  the  strata  ia  to 
be  seen. 

The  large  map  before  you  on  the  6in.  O.S.  scale  shovi 
the  district  from  Hartlepool  to  Middlesbro',  and  fron 
Billingham  to  Eaton.     The  smaller  lin.  map  shows  a  larger 
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cularly  directed  to  the  five  bore-holes  A,  B,  C,  D,  and  E^ 
and  the  detailed  boring  sections  are  here  given. 

As  all  these  borings  were  made  by  the  Diamond  Drill, 
and  solid  cores  were  obtained,  their  indications  may  be 
absolutely  relied  on. 


(A.) 

BORING   AT   WARBEN    CEMENT  WORKS, 
HARTLEPOOL.   1888. 

Strata.  Ft.  In. 

Sand     22  0 

Soft  mud  and  peat    8  0 

Red  clay 18  0 

Red  pinnel  with  small  cobbles    6  0 

Dark  pinnel  and  cobbles 18  0 

Pinnel  and  cobbles    2  0 

Dark  pinnel  and  cobbles 19  0 

Red  clay 2  0 

Soft  limestone    1  0 

Red  clay 1  0 


Hard  rock   1     5 

Anhydrite  266    7 

Dark  grey  limestone    38    0 


Ft.  In. 

22  0 

30  0 

48  0 

54  0 

72  0 

74  0 

93  0 

95  0 

96  0 

97  0 

98  5 
364  0 

402  0 


(B.) 

BORING   AT    CELLULOSE   WORKS,    WEST   HARTLEPOOL, 

1888. 

Stkata.  Ft.  In. 

Old  well 37    0 

Brown  pinnel 13    0 

Yellow  clay    3    0 


Yellowish  white  limestone  (soft  and  porous) . .  135  0 

Brown  limestone    4  0 

Dark  shaley  limestone,  large-grained 33  0 

Yellowish  white  porous  limestone 12  0 
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area,  and  the  geological  map  shows  the  situation  of  the 
district  and  its  distance  from  the  productive  coal  measures 
of  the  county. 

The  positions  of  most  of  the  boreholes  are  marked  by 
letters  on  the  large  map,  and  the  lines  of  geological  sections 
are  drawn  dotted  in  green. 

It  would  occupy  too  much  time  and  space  to  give  all  the 
boring  sections,  and  I  have  selected  33  borings  which  have 
been  correlated,  and  of  which  an  abstract  is  given  in  Table  I. 

It  will  be  remarked  that  the  strata  are  classified  as 
follow: — 

1.  Surface  Deposits. 

2.  Upper  Gh^pseous  Marls. 

3.  Bed  Sandstones  and  Marls. 

4.  Lower  Gypseous  Marls. 

6.   Saliferous  Beds  (Anhydrite,  Salt,  &c.). 
6.   Magnesian  Limestone. 

1.  The  surface  deposits  consists  of  alluvial  matter,  and 
the  Boulder  Clay  or  Glacial  Drift.  They  cover  the  entire 
district,  and  vary  from  30  to  120  feet  in  thickness. 

2.  The  Upper  Gypseous  Marls  are,  with  the  exception  of 
a  small  strip  west  of  Port  Clarence,  confined  to  the  south 
side  of  the  Tees,  and  thicken  to  the  south  and  east.  They 
are  undoubtedly  Triassic,  and  are  generally  considered 
"  Keuper." 

3.  The  Bed  Sandstones  and  Marls  occupy  a  great  thick- 
ness (up  to  1,100  feet)  near  the  Tees,  but  thin  out  to  the 
north  and  west.  Generally  red  sandstone  predominates  in 
the  upper  part,  and  red  marl  in  the  lower.  These  beds  are 
also  believed  to  be  Triassic,  and  probably  correspond  to  the 
"  Bunter." 

4.  The  Lower  Gypseous  Marls  consists  of  a  succession  of 
Marls  mostly  red,  and  veined  with  Gypsum.  They  vary  in 
thickness  from  140  to  280  feet,  and  thin   out  westward. 
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These  beds  are  by  some  geologists  oonsideied  Triaasicp  whilst 
others  class  them  as  Upper  Permian. 

5.  The  Saliferous  Beds  have  invariably  at  their  top  a  bed 
of  Anhydrite,*  which  serves  as  an  excellent  line  of  demarca- 
tion. This  is  usually  succeeded  by  the  so-called  "rotten 
marl,"  to  which  is  due  the  occasional  collapse  of  brine- 
wells.  Then  succeeds  the  rock  salt  extending  over 
considerable  area,  and  varying  in  thickness  up  to  t 
maximum  of  119  feet»  the  greater  portion  of  which 
exists  in  one  or  two  comparatively  pure  beds,  and  the 
remainder  consists  of  impure  salt  mixed  with  marl,  gypsum, 
or  anhydrite.  To  this  succeeds  the  lower  anhydrite,  gene- 
rally 30  or -40  feet  thickness,  but  increased  abnormally  to 
267  feet  at  Hartlepool.  This  lower  anhydrite  sometimes 
changes  abruptly  to  the  subjacent  limestone,  and  sometimes 
is  modified  by  slow  graduations. 

All  geologists  who  maintain  that  the  lower  gypseous 
marls  arc  upper  Permian,  of  course,  also  include  the  Salife- 
rous  i^eds  in  that  series,  whilst  other  authorities  uphold  the 
theory  of  their  Triassic  age. 

The  saliferous  beds  are  100  to  150  thick  when  including 
the  salt  bed.  AVhen,  however,  this  is  absent,  their  total 
thickness  is  diminished  to  from  30  to  60  feet.  It  may  be 
remarked  that  possibly  the  Tees  channel  may  mark  a 
•'wash-out"  of  the  salt  bed,  a  theory  confirmed  by  the 
bore-holes  marked  N  and  O,  but  which  requires  further 
demonstration.  The  boundary  of  the  salt  bed  on  the  south 
and  east  has  not  yet  been  found,  but  it  has  been  determined 
on  the  north  side,  and  your  attention  will  bo  recalled  to  this 
part  of  our  subject  further  on. 

The  magnesian  limestone  has  iuA'ariably  been  found 
beneath  the  saliferous  beds  when  these  have  been  pierced. 

*  Anhydrite,  is  an  uinorphouB  sulphute  of  lime  tcitkotU  water  of  crystal- 
lization. 

Oypaum,  a  sulphate  of  lime  with  water  of  crystallization. 
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Most  of  the  bore-holes,  however,  just  penetrate  into  the 
Lower  Anhydrite  beneath  the  salt.  The  question  of  the 
thickness  of  the  Limestone  wiU  be  discussed  when  treating 
of  the  exploratory  bore-hole  at  Seaton  Carew.  Over  a  great 
part  of  the  country  it  overlies  the  coal  measures,  and,  as 
will  be  seen  by  the  geological  map,  passes  beneath  the  red 
sandstone  on  a  line  about  S.  W.  from  West  Hartlepool  to  the 
Tees. 

Your  attention  should  now  be  directed  to  the  geological 
sections  laid  down  on  the  diagram,  and  coloured  according 
to  the  preceding  classification  of  strata.  Section  1  extends 
from  the  Warren  Cement  Works,  Hartlepool,  to  Ormesby, 
on  the  south  of  Middlesbro',  in  a  direction  N.  5**  E.,  S.  5°  W. 
Its  length  is  nine  miles  280  feet.  It  is  laid  down  twice, 
first  on  the  horizontal  scale  of  six  inches  per  mile  and 
vertical  scale  of  one  inch  per  100  feet,  and  secondly,  on  the 
same  scale  (horizontal  and  vertical  alike)  of  six  inches  per 
mile,  which  thus  shows  the  actual  proportions.  Section 
No.  2  is  three  miles  2,805  feet  in  length,  running 
N.  84**  W.— S.  84*  E.,  abnost  at  right  angles  to  No.  1. 
Section  No.  3  runs  from  Seaton  Carew  bore-hole  to  the  Tees, 
in  a  line  N.  26^**  E.— S.  26^°  W.  These  last  two  sections 
are  laid  down  on  the  dual  scale  only.  The  positions  of  the 
bore-holes  are  indicated  by  the  same  letters  as  show  their 
position  on  the  ordnance  map.  When  the  perpendiculars  of 
the  bore-holes  are  dotted  the  section  lines  do  not  pass  exactly 
through  them,  but  may  be  some  distance  on  one  side  ;  but 
when  the  perpendiculars  are  fully  marked,  then  the  bore- 
holes are  exactly  on  the  section  lines. 

It  will  be  observed  that  there  is  a  general  dip  of  the  strata 
to  the  south  and  east. 

The  recent  borings  on  the  northern  side  of  the  salt  field 
have  thrown  a  great  deal  of  light  on  the  geological  succes- 
«ion  of  the  strata.     Tour  attention  would  be  more  parti- 
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cularly  directed  to  the  five  bore-holes  A,  B,  C,  D,  and  E, 
and  the  detailed  boring  sections  are  here  given. 

As  all  these  borings  were  made  by  the  Diamond  Drill, 
and  solid  cores  were  obtained,  their  indications  may  be 
absolutely  relied  on. 


(A.) 

BORING    AT   WARREN    CEMENT   WORKS, 
HARTLEPOOL.   1888. 

Strata.  Ft.  In. 

Sand     22  0 

Soft  mud  and  peat    8  0 

Red  clay 18  0 

Red  pinnel  with  small  cobbles    6  0 

Dark  pinnel  and  cobbles 18  0 

Pinnel  and  cobbles    2  0 

Dark  pinnel  and  cobbles 19  0 

Red  clay 2  0 

Soft  limestone 1  0 

Red  clay 1  0 


5 


Hard  rock   1 

Anhydrite  266     7 


Dark  grey  limestone    38    0 


Ft.  Ib. 

22  0 

30  0 

48  0 

54  0 

72  0 

74  0 

93  0 

95  0 

96  0 

97  0 

98  5 
364  0 

402  0 


(B.) 

BORING   AT   CELI.ULOSE   WORKS,    WEST    HARTLEPOOL. 

1888. 

Strata.  Ft.  In. 

Old  well 37    0 

Brown  pinnel 13    0 

Yellow  clay     3     0 


Yellowish  white  limestone  (soft  and  porous) . .  135  0 

Brown  limestone    4  0 

Dark  shaloy  limestone,  large-grained 33  0 

Yellowish  white  porous  limestone 12  0 


Ft  In. 

87 

0 

50 

0 

53 

0 

188 

0 

192 

0 

225 

0 

237 

0 
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Strata.  Ft.  In. 
Anhydrite,  with  beds  of  daxk  blue  shale  and 

gypsum  35  0 

Light  grey  limestone  and  gypsum    7  0 

Blue  shale 2  0 

Light  grey  limestone    11  0 

White  limestone    90  0 

Hard  white  limestone  and  gypsum  12  0 

Dark  grey  limestone  and  anhydrite 20  0 

Light  grey  limestone  and  gypsum 18  0 

Light  grey  limestone   29  0 

Limestone  and  gypsum  mixed  31  0 

Grey  limestone  and  gypsum 11  0 

Light  grey  limestone  and  gypsum    33  0 

Light  groy  limestone    50  0 

Light  grey  limestone,  with  spots  of  gypsum.  45  0 

White  limestone    107  0 

Light  grey  limestone    23  0 

Broken  light  grey  limestone  (brine  feeder)  . .  23  0 

Light  grey  limestone    9  0 

Light  grey  limestone,  with  spar  cavities  ....  90 

Light  grey  limestone    7  0 

White  Hmestone    82  0 

Light  grey  limestone,  with  a  little  gypsum . .  23  0 

Dark  grey  Hmestone,  with  gypsum 17  6 

(Proceeding.) 


Ft.  In. 


.  641 

.  648 

.  650 

.  661 

.  751 

.  763 

.  783 

.  801 

.  830 

.  861 

.  872 

.  905 

.  955 

.  1000 

.  1107 

.  1130 

.  1153 

.  1162 

.  1171 

.  1178 

.  1260 

.  1283 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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CONTINUATION    OF    SEATON    CAREW   BOMNG    UP    TO 

JULY  16th,   1888. 

f  Received  since  the  reading  of  the  Paper,  J 

Strata.                                        Ft.  In.  Ft.  In. 

Brought  forward    1300    6 

Maqnesian  Limestone. 

Dark  Limestone,  with  spots  of  gypsum 59    6     1360    0 

Dark  Grey  Limestone 40    0     1400    0 

Loweb  New  Red  Sandstone. 

Dark  Grey  Shaley  Sandstone 10    0     1410    0 

Bed  and  Grey  Shaley  Sandstone    17    6     1427    6 


'*•*     I  $T .^^1*  .<t 


\ 


569 


(C.) 

BORING  AT  CEMENT  WORKS,  WEST 

(Gaseboume  &  Co.),  1887. 

Stbata. 

Well  previously  sunk  

Red  sandstone    

Red  sandy  marl 

Red  sandstone,  with  beds  of  red  marl  

Red  sandstone  and  marl  mixed 

Red  marl,  with  beds  of  red  sandstone 

Red  and  grey  sandstone,  with  beds  of  red  marl 

Red  sandstone    

Red  marl 

Red  marl,  with  beds  of  sandstone 

Red  marl 

Red  marl,  with  thin  beds  of  red  sandstone  . . 

Red  marl 

Red  marl,  with  veins  of  gypsum    

Red  marl,  with  veins  of  gypsum  and  blue  j  oints 

Red  marl,  with  blue  joints 

Red  marl,  with  veins  of  gypsum  and  blue  spots 

Do.        do.        with  blue  joints     

Do.        do.        with  red  sandstone    

Strong  marl,  with  thick  veins  of  gypsum 

Red  marl,  with  veinsof  gypsumand  blue  joints 

Anhydrite  

Anhydrite,  with  veins  of  gypsum 

Anhydrite  

Blue  marl  

Red  marl,  with  blue  joints  and  veins  of  gypsum 

Anhydrite  

Anhydrite  with  black  j  oints  and  veins  of  gypsum 

Anhydrite,  with  black  joints 

Anhydrite,  with  spots  of  gypsum 

Anhydrite,  with  gypsum 

Anhydrite,  mixed  with  limestone 

Limestone,  with  gypsum 


HARTTiEPOOL, 

Ft.  In. 

Ft.  In. 

30  0  ... 

30 

0 

9  0  ... 

39 

0 

10  0  ... 

49 

0 

31  0  ... 

80 

0 

57  0  ... 

.  137 

0 

27  0  ... 

.  164 

0 

26  0  ... 

.  190 

0 

25  0  ... 

.  215 

0 

35  0  ... 

.  250 

0 

20  0  ... 

.  270 

0 

38  0  ... 

.  308 

0 

32  0  ... 

.  340 

0 

45  0  ... 

.  385 

0 

95  0  .. 

.  480 

0 

55  0  .. 

..  535 

0 

4  2  ... 

..  539 

2 

4  6.. 

..  543 

8 

24  10  . . 

..  568 

6 

10  0  .. 

..  578 

6 

21  6  .. 

..  600 

0 

5  6.. 

..  605 

6 

4  0.. 

..  609 

6 

12  0  .. 

..  621 

6 

2  6.. 

..  624 

0 

0  8.. 

..  624 

8 

27  10  .. 

..  652 

6 

7  0.. 

..  659 

6 

11  0  .. 

..  670 

6 

16  0  .. 

..  686 

6 

18  6  .. 

..  705 

0 

9  4.. 

..  714 

4 

15  8  .. 

..  730 

0 

40  0  .. 

..  770 

0 

27a 
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(D.) 

BOEING  AT  SEATON  OAEEW,   1887-1888 

Strata.  Ft.  In. 

Brown  clay    6  0 

Bed  day 6  0 

Bed  pinnel  and  cobbles    9  0 

Soft  red  sandy  marl 12  0 

Bed  sandy  marl 3  0 

Bed  and  grey  sandstone 7  0 

Bed  marl    2  0 

Grey  sandstone 5  0 

Bed  marl,  with  beds  of  sandstone 10  0 

Bed  sandstone    20  0 

Grey  sandstone 2  0 

Bed  sandstone   13  0 

Grey  sandstone 1  0 

Bed  sandy  marl 47  0 

Bed  and  grey  sandstone 10  0 

Bed  marl     15  0 

Bed  marl,  with  beds  of  grey  and  red  sandstone        8  0 

Bod  marl,  with  blue  joints 35  0 

Bed  marl,  with  beds  of  grey  sandstone    ....  24  0 

Bed  marl,  with  beds  of  grey  marl 33  0 

Bed  marl,  with  blue  joints 24  0 

Bed  marl,   with  blue  joints  and  veins  of 

gypsum  171  0 

Bed  marl  and  veins  of  gypsimi 7  5 

Anhydrite  : .  . .  13  0 

Blue  marl  and  veins  of  gypsum    3  0 

Anhydrite  1  0 

Bed  marl  and  veins  of  gypsum 10  0 

Dark  marl  and  gypsimi  mixed  2  7 

Anhydrite,  with  black  joints 25  0 

Magnesian  limestone,  with  spots  of  gypsum.  27  0 
Light  grey  magnesian  limestone,  with  spots 

and  veins  of  gyi)8um    38  0 

Dark  groy  limestone,  with  spots  and  veins 

of  gjT)sum 16  0 

Dark  blue  shale  (slight  feeder  of  rock  oil)  . .         3  0 


Ft.  In. 

6 

0 

12 

0 

18 

0 

30 

0 

33 

0 

40 

0 

42 

0 

47 

0 

57 

0 

77 

0 

79 

0 

92 

0 

93 

0 

140 

0 

150 

0 

165 

0 

173 

0 

208 

0 

232 

0 

265 

0 

289 

0 

460 

0 

467 

0 

480 

483 

5 

484 

0 

494 

0 

497 

0 

522 

0 

549 

0 

587     0 

603    0 
606    0 


671 

Strata.  Ft.  In. 
Anhydrite,  with  beds  of  dark  blue  shale  and 

gypsum  35  0 

Light  grey  Umestone  and  gypsum    7  0 

Blue  shale 2  0 

Light  grey  limestone    11  0 

White  limestone    90  0 

Hard  white  limestone  and  gypsum   12  0 

Dark  grey  limestone  and  anhydrite 20  0 

Light  grey  limestone  and  gypsum 18  0 

Light  grey  limestone   29  0 

Limestone  and  gypsum  mixed  31  0 

(Jrey  limestone  and  gypsum 11  0 

Light  grey  limestone  and  gypsum    33  0 

Light  grey  limestone    50  0 

Light  grey  limestone,  with  spots  of  gypsum.  45  0 

White  limestone    107  0 

Light  grey  limestone    23  0 

Broken  Hght  grey  limestone  (brine  feeder)  . .  23  0 

Light  grey  limestone    9  0 

Light  grey  limestone,  with  spar  cavities  ....  90 

Light  grey  limestone    7  0 

White  limestone    82  0 

Light  grey  limestone,  with  a  little  gypsum . .  23  0 

Dark  grey  limestone,  with  gypsum 17  6 

(Proceeding.) 


Ft.  In. 


641 

648 

650 

661 

751 

763 

783 

801 

830 

861 

872 

905 

955 

1000 

1107 

1130 

1153 

1162 

1171 

1178 

1260 

1283 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1300    6 


CONTINUATION    OF    SEATON    CAREW   BOMNG    UP    TO 

JULY  16th,   1888. 

flieceived  since  the  reading  of  the  Paper,  J 

Strata.                                        Ft.  In.  Ft.  In. 

Brought  forward    1300    6 

Maqnesian  Limestone. 

Dark  Limestone,  with  spots  of  gypsum 59    6     1360    0 

Dark  Grey  Limestone 40    0     1400    0 

Lower  New  Red  Sajj^dstone. 

Dark  Grey  Shaley  Sandstone 10    0     1410    0 

Bed  and  Grey  Shaley  Sandstone    17    6     1427    6 
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Coal  Meabubxs. 
Strata. 
Blabk  Shale    

Dark  Grey  Shale  1 

Dark  Grey  SandBtone  1 

Qnj  Sandstone,  with  blaok  jomta    40 

Veiy  Ooarse  Grey  Sandatone 15 

Dark  Giey  Sandstone  0 

BlaokShale    0 

Bed  and  Gh!ey  Sandatone 1 

BlackShale    12 

Shaley  Sandstone 2 

BlaokShale    10 

Grey  Sandstone 4 

Dark  Grey  Sandy  Shale  0 


Ooal 

Dark  Brown  Fireday  . . 
Blaok  Sandy  Shale    ... 
Dark  Grey  Sandy  Shale 

White  Sandstone  

Dark  Grey  Sandstone  . . 


Ft  In. 
0    6 

0 

0 

0 

0 

6 

6 

7 

4 

6 

0 

0 

7 

10 

2 

8 

8 

8 

0 

8 

4 

6 

2 

4 

0 

0 

0 


0 

1 

2 

1 
26 


1 
9 
1 
0 
6 
8 
6 


Light  Grey  Sandstone 12 

Dark  Shaley  Sandstone,  with  ooal  joints 

Black  Shale    

Coal 

Dark  Black  Shale  and  Fireclay 

White  and  Grey  Sandstone 

Black  Shale    

Fine  Grey  Sandstone    

(E.) 
BORING   AT   MAESH   HOUSE,    GEEATHAM. 

(Greatham  Salt  Boring  Co.,  Limited.) 

Strata.  Ft.  In. 

Soil  1    0 

Bed  and  blue  clay 3  0 

Tough  red  clay 26  0 

Red  sand 4  0 

Red  sand  and  clay     15  0 

Fine  gravel    1  0 

Brown  sandy  pinnel 1  0 

Brown  pinnel  and  cobbles  14  0 


0 
0 
0 
0 
6 
0 
7 


Ft.  In. 

1428  0 

1429 

1490 

1470 

1485 

1485 

1486 

1487 

1499  11 

1602  5 

1512  5 

1516  5 

1517  0 
1517  10 
1519  0 
1521  8 
1523  4 
1550  0 
1555  0 
1567  8 
1569  0 

1578  6 

1579  8 

1580  0 
1586  0 
1594  0 
1600  0 


Ft.  In. 


1 

0 

4 

0 

30 

0 

34 

0 

49 

0 

50 

0 

51 

0 

65 

0 
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Strata. 
Red  sand 

Hard  round  gravel    

Red  sandstone    

Bed  sandstone  with  beds  of  marl  

Red  sandstone    

Red  sandstone  with  beds  of  marl  

Red  sandy  marl 

Red  marl  with  blue  joints  

Red  sandy  marl 

Red  marl     

• 

Red  marl  with  blue  joints 

Red  marl  with  veins  of  gypsum    

Red  marl  with  veins  of  gypsum  and  blue  joints 
Red  marl  with  veins  of  gypsum  and  blue  spots 

Red  marl  with  veins  of  gypsum    

Anhydrite   

Red  marl  (rotten) 

Rock  salt     

Salt  and  anhydrite  mixed    

Rock  salt 

Anhydrite 


Ft.  In. 

Ft.  In. 

2  6 

...   67  6 

4  5 

...   71  11 

300  7 

...  372  0 

77  6 

...  449  6 

15  2 

...  464  8 

114  7 

...  579  3 

8  6 

...  587  9 

8  6 

...  596  3 

21  3 

...  617  6 

20  3 

...  637  9 

21  8 

...  659  5 

18  8 

...  678  1 

106  11 

. ...  785  0 

68  2 

...  853  2 

9  10 

. ...  863  0 

11  0 

..  .  874  0 

15  0 

....  889  0 

57  2 

. ...  946  2 

14  3 

....  960  5 

11  4 

..  .  971  9 

1  0 

...  972  9 

The  borehole  at  Greatham  is  at  present  the  most  northern 
one  which  has  proved  the  salt  bed,  and  it  is  now  ascertained 
that  the  salt  bed  disappears  between  Greatham  and  Seaton 
Carew. 

The  Seaton  Carew  boring  was  projected  by  the  late  Mr. 
G.  T.  Pearson,  of  West  Hartlepool,  and  carried  out  by  his 
executor  in  conjunction  with  the  writer.  It  was  soon  found 
that  the  salt  bed  did  not  exist  here,  and  the  magnesian  lime- 
stone  was  reached  at  522  feet.  It  was,  however,  determined 
to  continue  the  boring,  with  the  idea  of  penetrating  the 
magnesian  limestone,  and  to  ascertain  whether  the  coal 
measures  were  beneath  it.  At  606  feet  a  bed  of  dark  shale 
was  pierced  which  gave  off  a  small  feeder  of  coarse  black 
oil.  At  1,150  feet  a  bed  of  brecciated  limestone  was  pierced 
and  found  to  contain  a  strong  feeder  of  saturated  brine. 
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The  supposition  is  that  this  brine  is  draining  from  the  salt 
bed  on  the  south,  the  brecciated  limestone  haying  numerous 
cavities.  The  boring  reached  a  depth  of  1,300  feet,  having 
thus  passed  through  780  feet  of  magnesian  Umestone,  which 
is  the  thickest  section  of  these  strata  yet  recorded.*  In  the 
northern  part  of  the  county,  where  the  magnesian  limestone 
overlies  the  coal  measures,  its  thickness  does  not  exceed  500 
feet.  The  coal  measures  crop  out  beneath  the  magnesian 
limestone  near  South  Wingate,  but  it  is  possible  that  they 
may  be  brought  in  again  to  the  south  of  Hartlepool.  With 
a  view  to  test  this  it  has  been  determined  to  continue  this 
boring  to  1,600  feet,  and  this  is  now  being  carried  out. 

The  upper  beds  in  the  limestone  here  are  very  pure,  and 
it  is  contemplated  to  sink  a  shaft  about  600  feet  deep  to  work 
the  stone  for  the  use  of  local  blast-furnaces. 

A  spring  of  strongly  sulphurous  spa-water  has  recently 
appeared  in  this  borehole,  and  appears  to  come  from  the 
same  bed  of  shale  which  gives  off  the  rock  oil.  It  is  intended 
to  analyse  this  water  to  determine  its  medicinal  qualities. 

The  brine  spring  at  1,150  feet  deep,  if  permanent  and  of 
sufficient  volume,  is  very  valuable  commercially,  as  there  is 
a  strong  cover  of  limestone  above  instead  of  the  fragile 
"rotten  marl"  of  the  salt-bed. t  There  would  thus  be  no 
fear  of  the  collapse  of  the  borehole,  and  the  chance  of 
surface  subsidence  would  be  very  much  diminished.  Brino 
pumps  will  be  put  in  as  soon  as  the  boring  is  finished. 

About  half-a-mile  N.W.  of  the  Seaton  Carew  borehole, 
Messrs.  Casebourne  &  Co.,  Limited,  put  down  a  borehole  in 
their  cement  works  for  water.  It  will  be  remarked  that 
the  limestone  is  not  reached  here  till  200  feet  deeper  than  it 
is  found  at  Seaton  Carew.  An  exposure  of  the  red  sand- 
stone at  the  seaside  shows  this  dip  north  very  well. 

*  Total  thickness  of  IMagnesian  Limestone  since  proved  to  be  878  feet. — 
W.  J.B. 
t  J3rine  appears  permanent  since  date  of  Paper. — W.  J.  B.,  July  13th. 
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A  little  further  north,  at  the  West  Hartlepool  Cellulose 
works,  the  red  sandstones  and  marls  have  all  disappeared, 
and  the  limestone  is  reached  immediately  beneath  the 
boulder  clay.  An  extensive  faidt  must  exist  on  the  south 
of  this  boring. 

The  most  northerly  boring  on  the  map  at  the  Warren 
Cement  Works,  Hartlepool,  shows  an  abnormal  thickness 
of  Anhydrite.  This  may  probably  be  the  Lower  Anhydrite 
of  the  saliferous  beds,  although  the  one  foot  of  limestone 
above  it  is  rather  against  the  theory. 

In  a  paper  by  Mr.  De  Ranee,  in  Vol.  XV.  of  your 
Transactions,  a  section  is  given  of  a  boring  at  Oughton,  one 
mile  west  of  Seaton  Carew.  This  was  bored  in  1827  by  the 
old-fashioned  plant..  It  is  to  be  feared  that  the  section  is 
very  unreliable.  The  4in.  seam  of  coal  is  certainly  apocry- 
phal, occurring,  as  it  would,  in  the  midst  of  the  red  sand- 
stones and  marls.  Attention  was  drawn  to  this  boring  at 
the  discussion  on  Sir  Lowthian  Bell's  paper  before  the 
Institute  of  Civil  Engineers,  and  Mr.  A.  C.  G.  Cameron 
suggested  that  this  boring  should  be  continued  to  900  feet. 
To  give  any  reliable  indications  there  would  have  to  be  a 
new  borehole  altogether  at  this  spot. 

By  far  the  greatest  number  of  these  borings  have  been 
executed  by  the  Diamond  Boring  process,  by  Mr.  J.  Vivian, 
of  Whitehaven.  This  is  the  only  satisfactory  method  to 
secure  good  sections.  Boring  can  be  carried  out  very 
expeditiously  by  this  means,  especially  in  the  red  sandstones 
and  marls.  In  the  case  of  the  Greatham  boring  no  less 
than  112  feet  were  bored  in  one  24  hours. 

The  bore-holes  are  generally  six  to  eight  inches  in 
diameter,  and  are  fitted  up  with  pumps  for  raising  the  brine. 
It  was  originally  considered  necessary  to  run  fresh  water  down 
from  the  surface,  but  this  is  now  dispensed  with,  as  the  strata 
above  the  salt  bed  afEord  a  sufficient  supply  of  water. 
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No  attempt  has  yet  been  made  to  mine  the  rock  salt,  and 
under  the  present  condition  of  trade  the  economical  dis- 
advantage of  rock  salt  mining  as  compared  with  brine 
pumping  precludes  this  method  of  working.  As  yet  there 
has  been  no  trouble  with  surface  subsidence,  although 
several  of  the  bore-holes  have  been  destroyed  by  the 
collapse  of  the  rotten  marl  above  the  salt  bed.  The 
following  is  an  analysis  of  the  rock  salt  from  one  of  Messrs. 
Bell  Bros',  bore-holes  : — 

Per  cent. 

Chloride  of  sodium 98-42 

Sulphate  of  lime '21 

Chloride  of  magnesia *12 

Water -10 

Red  clay      1*5 

1000 

Up  to  the  present  South  Durham  has  not  contributed 

largely  to  the  production  of  salt  in  the  United  Kingdom, 
but  now  the  output  is  increasing  rapidly,  and  in  a  few  years 
time  will  bulk  largely  in  the  total  production.  Table  II. 
shows  the  annual  production  of  salt  in  the  United  Kingdom 
during  the  last  three  years. 


TABLE    II. 
ANNUAL    PRODUCTION 

OF    SATT. 

District.                                1885. 

1886. 

18S7. 

Cheshire    .... 
Cheshire    .... 

Rock  Salt . . 
Brine  Salt. . 

Total  . . 
Brine  Salt . . 
Brine  Salt . . 
Brine  Salt . . 
Rock  Salt . . 

Tons. 

167,269 
1,687,456 

Tons. 

152,439 
1,604,400 

Tons. 

150,267 
1,619,452 

Durham     .... 
Staffordshire . . 
Worcestershire 
Ireland 

1,854,725 

53,937 

5,810 

270,000 

23,211 

1,756,839 

98,562 

5,810 

260,000 

21,009 

1,769,719 

136,267 

5,810 

252,000 

30,155 

Total  Production   ....    2,207,683 

2,142,220 

2,193,953 
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The  production  for  the  whole  country  thus  is  almost 
stationary,  whilst  in  South  Durham  it  is  increasing  about 
40  per  cent,  per  annum,  and  the  output  is  expected  to 
amount  to  200,000  tons  this  present  year.  The  excellent 
facilities  for  shipment  are  beginning  to  develop  an  export 
trade,  but  up  till  now  the  main  consumption  has  been  at  the 
local  chemical  works. 

In  conclusion,  it  only  remains  for  the  writer  to  express 
his  obligations  to  those  gentlemen  who  have  assisted  him 
with  information,  which  has  been  of  use  in  the  compilation 
of  this  paper,  viz.,  Messrs.  Dickinson  and  Bell,  H.M.  Mines 
Inspectors ;  Mr.  C.  T.  Caseboume,  C.E.,  of  West  Hartlepool ; 
Mr.  C.  Trechmann,  Hartlepool;  and  Mr.  John  Vivian, 
Whitehaven. 


The  President  intimated  that  the  subject  was  open  for 
discussion,  and  invited  Mr.  Thomas  Bell  (H.M.  Inspector  of 
Mines  for  the  Durham  District),  who  was  present,  to  address 
a  few  words  to  the  meeting. 

Mr.  Bell  said  he  did  not  think  that  he  coidd  add  any- 
thing to  what  Mr.  Bird  had  already  said.  He  had  gone  very 
fully  into  the  subject. 

The  President:  You  can  tell  us,  Mr.  Bell,  about  the  200 
yards  borehole  where  they  failed  to  prove  the  salt. 

Mr.  Bell  pointed  out  the  position  of  the  several  bore- 
holes on  the  map,  and  indicated  that  to  which  the  President 
referred,  made  by  the  Newcastle  Chemical  Company.  The 
bed  of  rock  salt,  he  said,  must  turn,  or  stop  abruptly,  at 
that  point,  probably  owing  to  the  occurrence  of  a  fault; 
because  the  salt  again  appeared  further  to  the  south.  At 
Seaton  Carew  the  boring  went  right  down  into  the  limestone^ 
as  described.  He  pointed  out  what  appeared  to  be  the 
northern  boundary  of  the  salt  bed,  and  observed  that  south- 
ward it  appeared  to  extend  for  a  considerable  distance.    The 

27b 
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output  of  salt  in  that  district  at  present  was  about  140,000 
tons  per  annum.  The  oonsumption  of  salt  for  the  manur 
laotore  of  soda  on  the  Tjub,  as  stated  hy  Mr.  Hugh 
Bell  in  his  work,  was  about  200,000  tons  a  year;  so 
that  they  were  &st  approaching  the  period  when  the 
local  production  would  supply  the  whole  of  the  Tjhb 
works.  He  saw  in  that  morning's  papers  that  there  had 
been  about  16,000  tons  of  salt  eiqported  during  the  Isst 
seven  months  to  places  on  the  Ciontinent.  He  hoped  that, 
in  a  few  years,  they  would  have  more  holes  put  down,  and 
that  the  salt  field  would  be  considerably  extended. 

The  Pbbsidbiit:  Referring  to  the  Beaton  CSarew  hole— 
What  depth  was  that  before  they  reached  the  magmpirian 
limestone  P 

Mr.  Bird:  522  feet. 

Mr.  Bell:  That  hole  is  now  1,360  feet  down.  That 
deposit  of  magnesian  limestone  is  the  thickest  we  have  met 
with  anywhere  on  the  north-east  coast.  It  ^an  be  seen 
aU  the  way  along  the  coast  from  Hartlepool  to  Castle  Eden, 
Byhope,  Seaham  Harbour,  and  on  to  the  Tyne,  where  it 
again  disappears. 

The  President:  At  Seaton  Carew  you  have  got  622  feet 
above  the  magnesian  limestone  without  salt  ? 

Mr.  Bell:  Yes. 

The  President:  What  is  the  distance  between  the  mag- 
nesian limestone  and  the  salt  in  the  other  boreholes  mentioned 
in  that  table  ? 

Mr.  Bird  :  Take  as  an  illustration  the  section  at  Greatbam — 
that  is  the  most  northern  hole  in  which  salt  has  been  found. 
The  total  thickness  of  the  saliferous  beds  is  109  feet,  above 
the  magnesian  limestone — that  is  the  total  thickness  proved. 

The  President:  And  the  thickness  between  the  magne- 
sian limestone  and  the  salt.^ 
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Mr.  Bird:  It  has  been  pierced  in  three  or  four  plao< 
about  40  feet,  I  think. 

The  President  :  Then  at  Seaton  Carew  you  have  522  feet 
of  marls  and  red  sandstones,  and  no  salt  in  it  ? 

Mr.  Bird:  Salt  is  invariably  found  between  the  two 
anhydrites,  the  upper  and  the  lower,  without  any  exception 
whatever. 

The  President  :  And  none  of  the  salt  is  below  the 
magnesian  limestone  ? 

Mr.  Bird:  Oh,  yes. 

The  President:  Are  you  quite  sure  of  that?  I  see  Sir 
Lowthian  Bell,  in  his  paper  read  before  the  Association  of 
Civil  Engineers,  said  that  some  magnesian  limestone 
was  found  overlying  the  salt.     Is  that  clearly  settled  ? 

Mr.  Bell  :  I  think  it  is  not  the  case.  I  asked  Mr.  Hugh 
Bell  if  he  would  let  his  chemist  test  that,  and  he 
told  me  afterwards  that  it  was  not  magnesian  lime- 
stone. I  was  very  particular  about  that.  The  chemist 
(Mr.  Thomson)  made  his  analysis  after  the  book  was  printed. 

The  President:  I  thought  the  statement  of  Sir  Lowthian 
Bell  was  doubtful  on  that  point,  and  that  he  had  got  into 
error  with  regard  to  some  of  the  magnesian  limestone 
beiug  above  the  salt.  The  whole  interest  of  this  paper 
consists  in  these  minute  divisions;  it  raises  the  question  as 
to  whether  these  salt  beds,  as  situated,  are  in  the  Permian 
or  above. 

Mr.  Bird  :  Yes. 

The  President  :  It  is  on  one  of  the  minute  divisions  of 
this  kind  that  the  whole  issue  hangs. 

Mr.  Bell  :  The  magnesian  limestone  has  never  been 
mentioned  as  overljring  the  salt  except  in  the  trial  hole  of 
Bell  Bros.  That  is  the  only  section  where  we  have  it 
mentioned. 
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diminished,  but  only  diminished  to  the  extent  of  the  thick- 
ness of  the  salt  bed.  Down  to  622  feet,  the  b^;inning  of 
the  magnesian  limestone,  the  snooession  of  the  strata  at 
Seaton  Garew  is  ezactlj  the  same  as  elsewhere. 

Mr.  Bell  :  There  seems  to  bo  a  general  thinning  out  of 
l3ie  strata  towards  the  north.  The  red  is  thinned  out  to 
about  600  feet  at  Seaton  Carew,  and  I  was  told  that  in 
digging  the  foundations  of  a  church  at  West  Hardepool 
th^  began  in  the  red  and  finished  in  the  mi^;nesian  lime- 
stone. 

The  Pkbsidbnt  :  Amongst  all  the  borings  you  have  got 
is  there  any  one  which  proyes  that  the  salt  bed  has  been 
found  extending  under  the  lias  ? 

Mr.  Bird:  None,  whateyer;  as  you  see  from  the  geo- 
logical map. 

The  President  :  Yes ;  but  you  are  giying  us  now 
explorations  made  quite  independently  of  the  geological 
map,  and  which  may  correct  the  geological  map. 

Mr.  Bird  :  Yes ;  but  none  if  the  explorations  pass 
through  the  liassic  beds.  Those  beds  would  have  f  ossilif  erous 
indications. 

The  President  :  Your  borings,  as  far  as  they  go,  do  not 
solve  the  question  I  put  in  the  address  from  which  I 
quoted. 

Mr.  Bell  :  I  am  afraid  not.  There  is  no  eyidence  of 
rock  salt  being  found  underneath  the  lias,  as  far  as  I  am 
aware. 

In  reply  to  a  further  question  by  the  President, 

Mr.  Bird  said :  We  certainly  haye  proved  the  salt  beds 
existing  under  the  upper  gypseous  marls  at  Eston;  but  there 
is  no  allegation  that  those  marls  are  at  all  liassic. 

The  President  :  Speaking  from  memory,  there  is  some 
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60  yarcls  with  gypsum  at  Middlesborougli,  where  Messrs. 
Bolckow  and  Vaughan  put  down  their  first  bore-hole. 
Then  there  is  300  yards  of  red  sandstone,  without  pebbles  ; 
and  then  they  reach  the  salif  erous  marls. 

Mr.  Bird  quot^  the  exact  figures  relating  to  the  borehole 
referred  to>  and,  in  reply  to  the  President,  said  he  accounted 
for  the  salt  not  being  present  at  Seaton  Carew  from  its 
having  thinned  out.  That  thinning  out,  he  added,  was 
undoubtedly  gradual.  There  was  proof  of  that  in  the  case 
of  other  boreholes  which  had  not  proved  salt  at  all. 

The  President:  I  was  in  hopes  that  the  problem  would 
have  been  solved  by  these  borings  in  the  North  of  England. 
Some  of  you,  who  know  the  Cheshire  salt  field,  will  know 
that  the  salt  lies  on  different  formations.  It  is  lying,  if  you  go 
to  the  south-east,  near  Congleton,  on  the  mountain  limestone; 
then  coming  north,  to  Alderley,  it  rests  upon  the  new  red 
sandstone;  and  then  it  takes  a  sweep  over  various  forma- 
tions around,  and  in  the  extreme  south,  adjoining  Shrewsbury, 
there  is  the  lias,  and  the  geological  maps  and  sections  show 
you  that  that  lias  is  overlying  the  salt.  But  has  it  ever  been 
proved  that  it  overlies  the  salt  ?  There  have  been  boreholes 
put  down  showing  nearly  100  feet  in  thickness  of  sand, 
but  for  anything  that  has  actually  been  demonstrated, 
the  salt  marls  may  lie  round  about  that  lias,  with  the  lias 
intruded  up  between.  I  think  it  is  a  question  that  should 
receive  more  consideration  than  has  been  given  to  it.  Just 
after  that  address  of  mine  was  delivered  here  I  had  a  long 
talk  with  one  of  the  London  geologists  on  the  subject,  and 
he  said  the  same  idea  had  occurred  to  him,  and  he  would 
like  to  know  if  anybody  had  proved  salt  lying  imdemeath 
the  lias. 

Mr.  Bird,  in  replying  upon  the  discussion,  said:  I  have 
nothing  to  say  by  way  of  reply  beyond  this,  that  we  have 
not  yet  achieved  the  desideratum  of  proving  the  existence 
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of  the  salt  bed  beneath  the  lias,  and  considering  that  the 
liassic  rocks  only  come  in  a  good  way  beyond  the  present 
known  limit  of  the  salt  bed,  it  will  l>e  a  considerable  time 
before  there  is  any  attempt  to  prove  it.  Sufficient  salt 
can  be  raised  from  the  area  of  salt  field  already  proved,  to 
supply  local  trade  requirements,  there  is,  therefore,  no 
financial  motive  to  induce  specidators  to  operate  very  far  to 
the  south-east  of  the  present  area.  They  would  have  to  go 
very  considerably  to  the  south-east  to  have  a  chance  of 
passing  through  the  liassic  strata. 


DISTRIBUTION  OF  ERRATICS  AND  BOULDER  CLAY 
ON  THE  LOWER  PORTIONS  OF  THE  DRAINAGE 
AREAS  OF  THE  OLDHAM  CORPORATION  WATER- 
WORKS. 

By  Mr.  William  Watts,  F.G.S. 


DRAINAGE    AREAS. 

The  drainage  areas  of  the  Oldham  Corporation  Water- 
works is  5,680  statute  acres,  and  consists  of  the  upper  limits 
of  four  valleys  in  the  south-westerly  slopes  of  the  Pennine 
Chain,  two  of  which  are  in  the  south-west  corner  of  York- 
shire, one  in  Lancashire,  and  one  partly  in  Lancashire  and 
partly  in  Yorkshire. 

The  separate  areas  are  as  follow,  viz, : — 

Acres. 

Strinesdale  and  Brushes  Clough 1,360 

Piethom    1,920 

Denshaw    1,450 

Castleshaw     950 

Total 5,680 
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The  highest  portion  of  this  drainage  rises  1,600  feet  above 
the  ordnance  datum,  and  is  mainly  composed  of  moorland 
scenery  of  the  wildest  kind. 

The  slopes  have  been  rounded  off  by  the  ordinary  process  of 
denudation,  with  the  exception  of  a  narrow  strip  of  serried  rocks 
of  the  Kinder  Scout  Grit  on  Millstone  Edge,  Saddleworth. 

The  greater  part  of  the  drainage  lies  on  the  outcropping 
measures  of  the  lower  coal  beds  between  that  known  as  the 
Mountain  Mine  on  the  one  hand,  and  the  Yoredale  shales  on 
the  other. 

The  top  water  level  of  the  highest  reservoir  is  1,268  feet 
above  the  sea,  and  the  lowest  is  680  feet. 

The  water  from  the  Strinesdale  area  falls  into  the  Medlock, 
Piethom  into  the  Roach,  Denshaw  and  Gastleshaw  into  the 
Tame. 

For  brevity  and  convenience  I  purpose  to  refer  to  each  of 
the  valleys  or  drainage  areas  above  named  separately,  and 
then  to  give  a  list  of  the  boulders  foimd  which  have  been 
kindly  named,  through  the  kindness  of  Dr.  Crosskey,  by 
Prof.  Lapworth,  of  the  Mason  College,  Birmingham. 

I  am  deeply  grateful  to  those  gentlemen  for  their  ready 
and  willing  help  in  naming  the  specimens,  as  well  as  to  our 
Hon.  Secretary,  Mr.  Stirrup,  for  referring  me  to  Dr.  Crosskey 
when  the  subject  of  a  wider  search  for  erratic  boulders  by 
the  members  of  the  Manchester  Geological  Society  was 
brought  forward  in  connection  with  the  meeting  of  the 
British  Association  last  year  at  Manchester. 

The  erratics,  to  which  I  shall  presently  refer,  have  all 
been  gathered  between  the  630  and  950  feet  ordnance 
datum,  with  the  exception  of  specimen  No.  4,  which  was 
chipped  from  a  perched  block  about  4ft.  by  3ft.  by 
2ft.  6in.  on  Nicholas  Pike,  1,050ft.  above  the  sea,  and  which 
overlooks  the  beautful  vale  of  the  Roach,  about  four  miles, 
north-east  of  Rochdale. 
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STBINE8DALB    VALLEY. 

Strinesdale  Yalley  is  sitiiated  about  two  miles  from  tlie 
Town  Hall,  OldhaxiL 

The  Tsllejr  is  canred  in  the  Lower  Coal  Measure  Shak^ 
and  some  of  the  eoal  seams  which  exist  not  Tery  deep 
beneath  the  surfaoe  of  the  gioond  have  been  worked  by 
neighbouring  ooUierieSy  bat  which  have  ceased  working 
within  recent  years. 

The  boulder  day  which  nesdes  in  the  lower  portion  ci 
the  Yalley  is  consequently  dark  coloured,  and  contains  a 
good  number  of  local  grits  derived  frcMU  the  gannister  bedi^ 
intermingled  with  erratic  blocks  and  foreign  pebbles,  which 
may  have  been  washed  into  the  day,  which  is  coarse  and  <d 
an  impure  quality  in  the  area  which  I  haye  more  particulaily 
examined  between  the  740  and  830  feet  Ordnance  datum. 

The  erratics  are  not  large,  but  they  are  numerous  and 
well  rounded,  and  appear  to  have  been  tossed  about  by  the 
action  of  water,  which  I  infer  from  the  fine  scratchings 
found  on  the  smooth  surface  of  the  lesser  boulders. 

Intermixed  with  the  clay,  wet  veins  of  coarse  sand  occur, 
also  pocket  holes  of  loam,  which  will  not  bear  trampling  on 
by  the  workmen  engaged  in  excavating  it. 

When  the  larger  stones  are  picked  out,  this  clay  makes  an 
excellent  puddle  for  waterworks  purposes;  the  grit  and 
small  pebbles  which  it  contains  hdp  it  to  set  and  resist  the 
action  of  water  better  than  a  richer  clay. 

Doubtless,  the  water  which  has  flowed  down  the  valley 
since  the  last  glacial  period  has  done  much  to  reassort  the 
material  above  the  level  of  the  brook,  but  before  it  reached 
its  present  level. 

The  water,  however,  has  not  bared  the  basement  strata  of 
the  valley  except  in  a  few  places,  but  it  has  moved  from 
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side  to  side,  and  left  behind  coarse  and  fine  debris  to  bear 
testimony  of  the  power  of  floods  in  past  timo. 

In  most  upland  valleys — owing  to  their  narrowness — the 
boulder  clay  is  coarser  than  the  contemporary  clays  foimd 
on  the  plains,  in  consequence  of  local  grits  dropping  into  it 
whilst  deposition  is  going  on. 

Although  isolated  boidders  are  found  at  a  height  exceed- 
ing 850  feet  above  the  sea  I  have  not  seen  the  typical  drift 
clay  above  that  height  in  this  valley,  but  my  observations 
have  been  limited  to  the  undisturbed  ground,  and  not  to 
actual  excavations,  which  are  so  essential  to  the  investigation 
of  geological  strata. 

Many  of  the  boulders  are  scratched  and  striated,  and  show 
signs  of  much  attrition. 

By  far  the  greater  number  belongs  to  the  Silurian  or 
Metamorphic  rocks.  Recently  I  found  a  fragment  of 
Syringopora  reticulata,  which  I  exhibit. 

PIETHORN    VALLEY. 

One  of  the  most  interesting  drift  deposits  which  I  have 
seen  on  the  slopes  of  the  Pennine  chain  lies  in  the  lower 
part  of  Piethom  Valley,  where  the  Ogden  embankment  is 
placed. 

The  clay,  in  addition  to  the  gravel  above  it,  is  35  feet  in 
depth,  and  doubtless  was  formed  in  deep  water  by  melting 
and  floating  ice. 

Three  hundred  yards  below  the  site  of  the  embankment 
the  valley  is  not  more  than  100  yards  wide  at  the  bottom, 
and  cut  mainly  in  the  Elpit  Edge  rock.  Through  this 
gorge  the  water  from  2,000  acres  has  flowed  since  the 
district  assumed  its  present  configuration,  and  through 
which    also  the   land  ice  would  have  to  squeeze  itself. 
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Msuming  tlie  hills  above  had  disohairged  froaen  aaofvr  duiBg 
the  last  glacial  period. 

Immediately  bdow  the  narrow  part  of  the  valley  here 
alluded  to  there  is  a  deposit  of  drift  of  about  two  aiaes  in 
extent^  and  20  to  25  feet  above  the  Inodk  conrBe  level 
This  deposit  lies  in  such  a  manner  that  leads  me  to  infer 
that  it  was  left  by  drifted  iee  not  able  to  pass  through  the 
gorge  when  the  Pennine  hills  were  slowly  nprising,  and  is 
of  later  date  than  the  drift  in  the  higher  part  of  the  valley. 

Knowing  the  physical  f eatores  of  the  district  so  wel!,  this 
seems  to  me  a  reasonable  hypothesis. 

I  would  further  add,  that  the  bottom  of  the  35  feet  of 
boulder  clay,  under  the  seat  of  the  embankment,  is  about 
level  with  the  deepest  partof  the  gorge  at  Wood  MUl,  wh^e 
the  day  is  absent  and  the  shales  appear,  which  immediately 
overlie  the  Mountain  Mine  coal. 

Icebergs  driven  into  this  comer  would  be  subject  to  pack- 
ing by  the  waves  of  a  glacial  sea  moving  from  the  south  in 
a  north-easterly  direction. 

Prior  to  the  commencement  of  the  waterworks  the  water 
flowing  from  the  2,000  acres  of  drainage  had  formed  a 
channel  in  the  boulder  clay  but  had  not  cut  through  it,  and 
whether  it  had  flowed  at  a  lower  level  in  pre-glacial  time  is 
conjectural;  but  the  fact  remains  that  the  clay  fills  the 
valley,  which  at  one  time  was  12  yards  deeper  and  somewhat 
narrower.  The  clay  is  twisted  and  crumpled,  and  change- 
able in  colour,  which  character  must  have  been  acquired 
after  deposition  and  partial  consolidation. 

The  pressure  of  ice  or  local  landslips  would  account  for  the 
phenomenon,  but  as  there  are  no  local  indications  of  land 
having  moved  since  glacial  time,  ice  alone  must  have  been 
the  mixing  and  disturbing  agent,  both  to  crumple  and  per- 
oxidise  it  in  irregular  patches. 

Underneath  that  clay  a  black,  silty  deposit,  charged  with 
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local  grits,  exists,  which  has  the  appearance  of  an  ancient  lake 
bottom,  which  is  very  interesting. 

The  physical  features  of  the  lower  end  of  the  valley  favour 
the  idea  of  a  lake,  if  we  regard  the  narrow  part  at  Ogden 
Mill  as  the  place  where  the  outlet  or  overflow  existed  at  the 
time. 

The  larger  erratics  found  in  the  clay  appear  to  have  been 
dropped  in  situ  whilst  it  was  in  the  condition  of  mud. 
Several  erratics  upwards  of  two  tons  in  weight  have  been 
found,  and  a  homblendic  boulder  4ft.  6in.  by  3ft.  Oin.  by 
2ft.  6in.  may  still  be  seen  on  the  north-westerly  side  of  the 
valley  lower  down  than  KitcliSe  Mill.  The  angles  of  this 
erratic  are  worn  off,  but  it  does  not  appear  to  have  suffered 
very  greatly  during  its  passage,  as  I  could  not  trace  any 
glacial  markings  on  its  surface. 

Smaller  boulders  are  numerous,  and  specimens  similar  to 
those  on  the  table  may  be  f oimd  spread  over  the  lower  part 
of  the  valley  from  the  630  to  the  950  feet  ordnance  datum. 

I  give  at  the  end  of  this  communication  a  list  of  the 
erratics,  therefore  I  will  not  trouble  you  by  enumerating 
them  here.  I  must,  however,  call  your  attention  to  three 
specimens  which  deserve  more  than  a  bare  mention,  viz., 
specimens  Nos.  1,  2,  and  3. 

No.  1  is  Criffel  granite  from  the  south  of  Scotland.  It 
is  sparingly  represented  in  the  trail  of  the  Lake  boulders, 
and  does  not  reach  more  than  one  per  cent,  of  the  whole; 
but  it  is  a  welcome  boulder  to  every  geologist  who  has 
searched  the  drift  on  the  Pennine  Chain  in  the  neighbour- 
hood of  Manchester. 

No.  2  is  Eskdale  granite  from  Cumberland,  and  represents 
at  least  five  per  cent,  of  the  whole.  These  boulders  are 
always  rounded  but  sparingly  striated. 

No.  3.  Grryphcea  incurva  I  found  in  the  clay  at  Ogden, 
and  had  I  not  discovered  the  specimen  myself  I  certainly 
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should  haye  doubted  its  genuineness^  aa  the  fosBil  is 
rarely  met  with  in  the  boulder  olay  of  the  diatrict»  and  is 
in  good  preservation,  which  is  remarkable,  seeing  that  the 
drift  has  been  so  muoh  tossed  about. 

Byringopora  retimUata  and  Sjtringopora  gemicmlafa  wn 
represented  in  my  table  of  ''finds,''  and  owmg  to  tiie 
delicate  structure  of  the  foraier,  it  must  have  had  a  peaoefol 
passage,  as  the  pipes  are  very  fragile,  and  easily  destrayed. 
The  specimen  was  much  larger  when  I  found  it,  but  with 
handling  and  lending  it  has  got  less,  and,  except  it  be  better 
cared  for  in  the  future,  will  shortly  disappear. 

Specimens  of  Old  Bed  Sandstone  occasiimaUy  turn  up, 
some  of  which  have  the  characteristic  purple  markings. 

This  rock,  however,  is  not  common,  owing,  doubtless,  to 
its  perishable  character. 

Flint  nodules  also  turn  up;  but  as  this  material  was 
extensively  used  by  primitive  man  for  weapons  and  imple- 
ments of  domestic  use,  it  may  have  been  conveyed  here  by 
him  and  not  by  the  agency  of  ice.  At  one  time  I  had  in 
my  possession  a  nodule  of  flint  fully  eight  inches  long  by 
about  three  inches  in  diameter,  which  I  found  in  the  drift 
at  Ogden,  but  it  disappeared  from  my  cabinet  some  j&lts 
ago,  and  has  not  found  its  way  back.  Pebbles  of  various 
kinds  are  numerous  in  the  gravels,  and  are  as  pretty  as  they 
are  numerous. 

Some  of  the  local  grits  are  beautifully  polished,  especially 
those  of  gannister,  which  are  fine  grained ;  some  also  are 
polished  in  the  form  of  ovate  spheres,  and  make  us  wonder 
how  the  agency  of  water  had  shaped  them  so  prettily. 

Carboniferous  Limestone  is  common  in  the  drift  of  the 
district. 

Permian  nodules  containing  Schizodus  occasionally  turn 
up,  one  of  which  is  on  the  table ;  also  specimens  of  iron- 
stone. 
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DEN8HAW  VALLEY. 

This  valley  forms  tbe  south-west  comer  of  Yorkshire.  It 
is  deep  and  tortuous,  the  hills  rising  to  an  altitude  of  about 
1,600  feet  on  the  moors  above  Beadycon  Dean. 

There  is  no  boulder  clay  in  the  valley  above  Denshaw — 
a  small,  old  fashioned  village  t\Co  miles  from  Delph — but  I 
have  found  several  boulders,  roimded  and  sub-angular,  some 
of  which  are  striated. 

They  vary  in  size,  but  mostly  run  about  12  to  24  inches 
in  the  three  dimensions. 

I  have  not  succeeded  in  finding  erratics  higher  up  the 
valley  than  Dowry  reservoir,  940  feet  Ordnance  datum. 
Several  boulders  are  still  exposed  in  the  bed  of  the  small  brook 
course  which  receives  the  drainage  from  Broadhead,  Noddle, 
and  Ox  Hey  jointly,  not  more  than  100  acres  in  area. 

About  80  yards  higher  than  where  New  Year's  Bridge 
Mill  stood,  and  where  the  above  brooklets  meet,  J  counted 
several  erratics  in  the  space  of  30  square  yards,  all  buried 
about  3  feet  below  the  surface  of  the  groimd.  I  have 
preserved  two  of  them — each  weighing  about  5cwts. — one  a 
Syenitic  quartz-|elsite  from  the  Lake  district  (No.  10),  the 
other  a  coarse-grained  Homblendic  Diorite  (No.  8). 

Whether  the  sea  has  been  concerned  in  the  dispersion  of 
these  boulders  I  will  offer  no  opinion.  Had  floating  ice, 
however,  been  the  medium  of  conveyance  it  would  seem 
that  smaller  boulders  should  have  been  f oimd,  but  they  have 
not  to  my  knowledge. 

I  found  a  very  nice  pink-coloured  quartz  pebble,  3in.  by 
2iin.  by  2in.,  at  Readycon  Dean,  1,200  feet  above  the  sea, 
and  several  smaller  pebbles — mostly  quartz — lower  down, 
which  may  have  been  washed  into  the  valley  debris. 

The  covering  on  the  basement  rocks  is  very  slight,  which 
leads  me  to  the  conclusion  that  they  have  been  swept  clean 
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after  re-emergence  either  by  ice  or  greater  floods  than 
prevail  at  present. 

Where  the  harder  rocks  crop  out  at  the  surface  thej  are 
much  broken  and  dislocated,  but  expansion  and  contraction 
from  heat,  and  to  which  must  be  added  moisture,  will 
account  for  the  phenomenon ;  also  a  heavy  weight,  such  as 
many  hundred  feet  of  ice  slowly  moving  on  them. 

I  have  found  no  marine  strata  above  the  Junction,  and  I 
have  no  hopes  of  it  being  discovered  above  Denshaw  Print 
Works,  as  the  valley  sides  are  tolerably  steep  and  un- 
favourable to  the  retention — for  lengthy  periods — of  soft 
material  subject  to  attack  from  atmospheric  agencies. 

CASTLESHAW  VALLEY. 

The  floor  of  this  valley  is  on  the  Toredale  Shales,  which 
commence  at  the  ancient  village  of  Delph,  650  feet  above 
the  level  of  the  sea,  and  rise  to  an  elevation  of  1,200  feet 
at  Millstone  Edge.  This  valley,  in  my  opinion,  is  one  of 
the  last  formed  in  the  Saddleworth  district,  but  as  I  may 
make  it  the  subject  of  a  future  communication  to  the 
Society,  I  will  not  say  more  on  the  subject  of  its  age  at 
present. 

Several  erratics  have  been  found,  but  no  boulder  clav. 
With  one  exception  all  the  boulders  hitherto  discovered  are 
small  and  mainly  syenitic.  The  largest,  800ft.  above  the  sea, 
lies  in  a  field  near  to  a  footpath  leading  from  Waters  Lane 
to  Castleshaw. 

The  upper  side  only  is  exposed,  and  measures  4ft.  Gin.  by 
2ft.  Gin.  It  is  a  coarse-grained  sub-angular  block  of  Horn- 
blendic  character. 

Further  excavations  may  bring  others  to  light,  but  I  do 
not  anticipate  many  will  be  found. 

Boulder  clay  need  not  be  looked  for  on  the  higher  side  of 
Delph  in  the  direction  of  Castleshaw. 

I  believe,  however,  that  it  exists  at  New  Tame  leading  to 
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the  Heights  Church,  but  I  have  not  seen  sufficient  of  it  ta 
pronounce  it  typical;  it  is  blue,  tenaceous,  and  stony. 

Gannister  blocks  lie  scattered  in  the  alluvium  in  various 
places  in  the  valley,  and  appear  to  have  been  subjected  to 
much  attrition  by  the  action  of  water. 

The  blocks  evidently  belong  to  the  Lower  Coal  Measure 
series,  and  probably  have  not  travelled  far  from  their 
present  resting  place. 

Hundreds  of  massive  Millstone  Grit  blocks  lie  scattered 
on  the  slopes  of  Millstone  Edge,  and  many  lie  buried  in  the 
alluvium  a  few  feet  beneath  the  surface  of  the  ground. 
Some  of  them  have  travelled  more  than  half  a  mile  from 
their  parent  bed  at  Millstone  Edge,  brought  down  by  floods 
and  other  causes,  and  represent  the  weathering  back  of  the 
serried  rocks  overlooking  the  beautiful  valleys  of  the  upper 
reaches  of  the  Tame. 

It  is  interesting  to  notice  how  these  blocks  get  buried. 
The  lower  ones  are  barely  covered,  but  as  the  summit  of  the 
hill  is  approached  they  lie  deeper  in  the  ground  and  become 
more  numerous.  I  can  imderstand  the  number  increasing 
nearer  the  source  whence  they  were  derived,  but  I  cannot 
satisfactorily  accoimt  for  the  thin  covering  at  the  foot  of  the 
hill,  except  that  the  alluvium  was  deposited  before  the 
blocks  of  stone  fell  upon  it,  which  seems  very  probable. 

I  have  not  been  able  to  find  a  trace  of  marine  deposit  of 
the  tertiary  period  intermixed  with  the  strata,  therefore,  the 
locally  scattered  grits  owe  their  position  to  local  phenomena. 

Some  of  them  are  several  tons  in  weight,  and  weathered 
on  the  under-side  as  well  as  on  the  upper  surfaces,  showing 
that  they  have  been  exposed  all  round  to  atmospheric 
agencies  in  time  gone  by. 

Most  of  the  clay  in  the  valley  above  the  level  imder 
review  is  disintegrated  from  the  shales  and  the  laminae  of 
the  latter,  in  some  of  the  sections  I  have  seen  opened  out 
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'disappear  in  the  lozmer  by  lihe  permeation  of  ramwaier  and 
i^hanging  temperatnrea. 

If  I  oould  transport  some  of  the  aeotioiiB  to  this  room  yea 
irould  see  how  natorally  the  change  enanea. 

Seeing  that  the  Talleys  in  the  Pennine  range  trandia 
Tarious  direotionB,  some  wide  and  some  naraow,  Tarying 
•aooordii^  to  the  nature  of  the  material  into  which  they  are 
•carved,  it  is  difficult  to  understand  what  portion  has  been 
subjected  to  gladal  action  and  what  portion  to  the  ordinaiy 
agencies  now  in  operation. 

If  an  ioe-cap  had  moved  over  the  district  in  past  time,  it 
must  have  filled  the  vaUeys  to  the  level  of  the  aarroonding 
hiUsy  which  level  would  form  the  floor  on  which  the  ioa 
would  move,  and  thus  the  deeper  and  irregular  vaUeys 
would  be  protected  to  a  certain  extent,  and  it  seems  to  me 
that  the  main  features  are  pre-glacial.  This  idea  suggests 
the  slow  uprising  of  the  hills  since  the  last  glacial  period,  as 
it  is  not  probable  that  they  would  be  buried  under  moving 
ice  of  great  thickness  at  their  present  altitude,  unless  the 
centre  from  which  the  ice-sheet  flowed  was  very  much 
higher. 

The  study  of  glacial  phenomena  is  very  interesting,  and 
always  affords  scope  for  difference  of  opinion  among  geolo- 
gists, as  there  are  so  many  standpoints  from  which  the 
subject  can  be  surveyed. 

In  this  communication  I  have '  endeavoured  to  steer  dear 
of  the  controversial  issues  of  my  subject,  aiming  the  while 
at  a  modest  statement  of  the  facts  and  the  physical  features 
of  the  districts  over  which  I  have  hurried  this  afternoon. 

It  now  remains  for  me  to  show  you  the  various  specimens 
to  which  I  have  so  frequently  referred,  and  which  I  have 
been  many  years  collecting. 

Besides  the  specimens  laid  on  the  table,  I  have  others 
unnamed,  but  of  less  value,  which  I  have  not  brought  with  me. 
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The  pebbles  I  have  not  enumerated,  although  they  would, 
I  am  sure,  form  a  very  interesting  collection. 

I  have  avoided  using  the  term  "boulder"  in  reference  to 
the  local  grits,  regardless  of  its  shape  and  character,  believing 
that  it  should  be  applied  in  reference  to  the  fire-formed  and 
transported  boulders  only. 

I  purpose  to  hand  over  to  the  Oldham  Museum  my  petro- 
logical  specimens,  and  such  duplicate  specimens  as  I  have 
remaining  to  the  Manchester  Geological  Society  for  presenta- 
tion to  the  Owens  College  Museum. 

In  the  latter  museum,  imder  its  present  able  Professor,  I 
received  my  first  practical  lessons  in  geology,  and  as  an  old 
student  in  the  old  and  new  colleges  would  still  bind  thp 
associations. 

LIST  OF  ERRATIC  BOULDERS  FOUND  ON  THE  DRAINAGE 
AREAS  OF  THE  OLDHAM  CORPORATION  WATERWORKS. 

No.  Specios  of  Boulders. 

1.  Micaceous  granite — two  micas.     Criff el,  South  of  Scotland,  (?) 

2.  Coarse  grained  granite.    Eskdcdey  Cumberland,  (f) 

3.  Gryphoea  incurva.     Lias. 

4.  Syenite. 

5.  Quartz  rock. 

6.  Medium  grained  Syenite.    Mica  Syenite. 

7.  Schist,  filled  with  segregated  quartz. 

8.  Homblendic  rock.    Diorite. 

9.  Purple  iron  stained  siliceous  breccia.    Borrowddle,  ( f ) 

10.  Syenitic  quartz  folsite.     Lake  district,  (?) 

11.  Porphyritic  augite.    Andesite.    Dacite. 

12.  Altered  fine  grained  micaceous  granite.      Mica  or  hornblende 

altered. 

13.  Fine  grained  granite.     Probably  Lake, 

14.  Augitic  basic  igneous  rock.    Altered.    Borrowdale,  {f) 

15.  Porphyritic  andesite. 

16.  Quartz  felsite.    Lake  district,  {f) 

17.  Permian  nodule,  containing  Schizodus  shells. 

18.  Fine  grained  Syenite.    Buttermere.  (?) 


No.  flpecioi  of  Boaltos, 

19.  SiHoeoiui  Bock.    Eonrogiiioiii.    Borrowdaie.  (/} 

20.  SilioeoQB homfltone.    Bhyolitio aanes.    ObnMiMi.  (/) 

21.  Fine  gruiied Poiphyxitio  aodaaito igneoos  BorrowdaU.  (/) 

22.  IRne  grained  greywaQli6. 

23.  Altered.    QizllxiniferoiiB  abate,  teraginone. 
2i.  QoaitB  felsite.    flambleDdio. 

25.  Gnuihed  igneoiu  look.    Seipentinoiifl. 

26.  Oompaot  felstone,  dightly  poipliyntio. 

27.  Yoloanio  oonglomerate. 

28.  Bjesdt^  from  SnnerdaU.  {f) 

29.  Enneidale  granite,  paasing  into  gfeenstone. 
ao.  Upper  Silnzian  Qrit. 

81.  Lower       „         „ 

32.  Felfltone. 

33.  Ptaaage  rook  between  Syenite  and  Qreenatone. 

34.  Qreenatone  of  the  Lake  distriot. 
36.  Fine  aedimentary  Limeatone. 

36.  Porous  Trap. 

37.  Biinter  Sandstone.    Pebble  Beds. 

38.  Gkumister  nodule.    Polished. 

39.  Iron  ore. 

40.  Black  Chert. 

NoTB. — With  the  exception  of  3,  5,  and  I7t  the  first  25  specimens  are 
those  named  by  Prof.  Lapworth.  The  others  have  been  named  by  D. 
Mackintosh,  F.G.S.,  of  Birkenhead;  WnL Shone,  F.G.S.,  of  Chester;  and 
myself. 

Mr.  Radcliffe  said  that  boulders  of  the  kind  exhibited 
by  Mr.  Watts  were  to  be  found  over  a  widely  extended  area. 
They  occurred  on  the  moors  above  Saddleworth,  Mossley, 
Stalybridge,  and  also  at  Ashton  and  Dukiufield.  Similar 
examples  to  those  on  the  table  had  been  picked  up  at  a 
height  of  from  500  feet  to  900  feet  above  the  sea  in  many 
places  ;  and  there  was  no  doubt  that  the  agency  which  had 
carried  those  exhibited  by  Mr.  Watts  had  distributed  them  aU 
over  the  district.    They  evidently  came  from  the  same  source. 

Mr.  Watts,  in  replying  to  a  question  by  the  President, 
said  he  had  never  been  able  to  find  the  boulder  clay  at  a 
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higher  level  than  850  feet  ordnance  datum  ;  and  the  highest 
boulder  he  had  found  was  at  1,050  feet,  on  the  hill  over- 
looking Hollingworth  Lake.  With  reference  to  the  remarks 
of  Mr.  Badcliffe  he  said  he  had  purposely  confined  himself 
to  the  Oldham  drainage  area.  He  had  charge  of  the  Ashton 
and  Stalybridge  Water  Works  at  Swineshaw,  three  miles 
from  Stalybridge,  and  could  bear  out  Mr.  Radcliffe's  state- 
ment, that  such  boulders  as  those  he  had  described  were  to 
be  found  in  that  and  other  drainage  areas.  He  had  found 
them  himself. 

The  President  :  A  point  of  interest  in  a  paper  of  this 
sort  is  to  ascertain  from  what  direction  these  stones  have 
come,  and  I  think  Mr.  Watts  was  somewhat  indefinite  when 
he  said  that  one  of  these  pieces  of  granite  had  come  from 
the  south  of  Scotland.  What  part  of  the  south  of  Scotland 
was  meant,  and  would  it  be  in  the  general  lie  of  the  direc- 
tion from  which  the  drift  has  come  P 

Mr.  Watts  said  the  locality  mentioned  was  CrifPel,  in 
Kirkcudbrightshire.  There  was  no  doubt  now  that  the  bulk 
of  the  boulders  had  come  from  the  lake  district  of  Cumber- 
land. 

The  President  :  According  to  your  list  they  are  chiefly 
granite,  syenite,  and  rocks  of  that  character.  May  I  ask 
where  that  fine  fossil  shell  has  come  from  P 

Mr.  Watts  :  I  cannot  tell  you.  It  is  liassic,  but  from 
what  direction  it  has  travelled  into  this  district  it  is  im- 
possible to  say.  It  is  very  interesting,  and  I  agree  with 
the  President  that  if  it  could  be  ascertained  in  what  direc- 
tions these  things  have  travelled,  one  interesting  problem  in 
geological  science  would  be  solved. 

The  Hon.  Secretary  (Mr.  Stirrup)  said :  This  is  the  first 
of  a  series  of  papers  which  I  hope  we  shall  have  presented 
to  us  on  the  distribution  of  erratic  blocks  around  Man- 
chester.    As   you   are   aware,   we   have,   in   recent  years, 
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become  one  of  the  Corresponding  Societies  connected  with 
the  British  Association,  and  in  that  capacity  it  is  thought 
that  some  of  our  members  could  render  valuable  assistance 
to  the  Erratic  Blocks  Committee  formed  bj  that  Associa- 
tion, which  has  been  assiduously  collecting  materials  for  the 
last  15  or  16  years,  as  to  the  mode  of  occurrence  and  distri- 
bution of   erratic  blocks ;  it  is,   therefore,    desirable  that 
those  investigations  should  be  extended  over  all  parts  of  the 
country  as  far  as  it  can  be  done.     I  appealed  to  Mr.  Watts, 
knowing  that  he  lived  in  one  of  those  moorland  districts  in 
the  neighbourhood  of  Manchester,  and,  as  Manager  of  the 
Oldham  Waterworks,   was  well  placed    for    undertaking 
observations  of  this  kind ;  and  he  has  very  kindly  under- 
taken them,  and  we  have  had  an  example  to-day  of  what 
he  is  able  to  do  for  us.     The  results  of  his  investigations 
will  be  forwarded  to  the  Boulder  Committee  of  the  British 
Association,    in   connection   with    which    Dr.    Crosskev  is 
plotting  these  different  finds  of  stones  on  a  large  map  with 
a  view  to  ascertain  the  direction  of  the  flow,  and  the  district 
from   which   the   boulders   have  probably    been    brought. 
Some  of  them  can  with  great  probability  be  assigned  to  their 
place  of  origin.  Many  of  the  granites  are  so  common  over  the 
whole  district  that  we  find  them  in  every  brickfield  around 
Manchester,  and  they  extend  northwards  towards  the  district 
from  whence  they  came.     With  regard  to  the  lias  fossil, 
Gryph(Ba  incurva,  it  is  an  interesting  question  from  whence 
that  came.     It  has  been  said  that  the  hard  chalk  and  flints 
of  Antrim  have  been   found   in   some  of   our   Lancashire 
deposits.     There  is  a  lias  deposit  also  in  County  Antrim, 
which  may  be  traced  at  intervals  along  the  coast  at  the  base 
of  the  chalky  escarpment  from  Lame  to  the  Giant's  Caus<^ 
way,  in  which  these  fossils  occur  in  great  abundance.     It  is 
quite  possible  that  that  may  have  been  its  place  of  origin. 


599 


AN  ACCOUNT  OF  SMALL  FLINT  IMPLEMENTS  FOUND 
BENEATH  PEAT  ON  SEVERAL  ELEVATED  POINTS 
OF  THE  PENNINE  CHAIN,  LYING  BETWEEN  HUD- 
DER8FIELD  AND  OLDHAM. 

By  Messrs.  Robert   Law,   F.G.S.,   and 

James  Horsfall. 


In  our  paper  read  before  the  Yorkshire  Geological  and 
Polytechnic  Society,  pubUshed  in  Part  I.,  Vol.  VIII.,  of  the 
proceedings  of  that  Society  in  1882,  it  was  pointed  out  that 
a  large  number  of  flint  implements  had  been  discovered  in 
no  less  than  34  different  locations  on  that  part  of  the  Pennine 
Chain  which  lies  within  a  radius  of  about  12  miles  from 
Rochdale.  Previous  to  that  time,  nearly  all  the  flints  had 
been  found  on  ground  laid  bare  by  natural  denuding  agencies, 
or  as  at  Bull  Hill  and  one  or  two  other  places,  where  the 
peat  had  been  removed  for  domestic  purposes.  Following 
up  our  investigations,  we  have  been  able  to  add  a  few  locali- 
ties to  the^  list  of  places  we  had  previously  explored,  and 
bring  to  light  many  more  of  these  ancient  flint  tools  and 
weapons,  such  as  chips,  flakes,  cores,  leaf-shaped  and  barbed 
arrow-heads,  thumb-stones,  and  scrapers. 

After  carefully  removing  the  peat  in  several  places,  and 
closely  examining  the  bare  groimd,  we  have  come  to  tho 
conclusion  that  the  true  position  in  which  flints  are  to  be 
found  is  in  the  layer  of  grey  sietnd  and  sandy  loam  occurring 
immediately  beneath  the  peat. 

This  layer  of  grey  sand  and  sandy  loam  in  which  these 
ancient  relics  are  scattered  has  an  average  thickness  of  about 
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8  inohes.  It  appears,  in  most  instances,  to  have  been  formed 
by  the  decomposition  ''in  situ''  of  a  thin  bed  of  sandstone. 
Large  and  small  angular  fragments  of  this  rock  are  common 
throughout  the  sand. 

Perhaps  the  most  interesting  flints  found  on  these  elevated 
moorlands  are  some  very  small  and  delicately- worked  imple- 
ments/ the  largest  not  being  more  than  an  inch  in  length 
and  a  quarter  of  an  inch  in  breadth,  while  the  smallest  does 
not  exceed  a  quarter  of  an  inch  in  its  longest  part. 

Dr.  John  Evans,  F.B.S.,  to  whom  a  number  of  these  small 
flints  have  been  submitted,  believes  they  may  have  been 
used  as  ''carving  tools,"  and  that  they  are  the  smallest  flint 
implements  that  have  as  yet  been  f oimd  in  England. 

Professor  Dr.  Ferdinand  Bomer,  of  Breslau,  Silesia, 
Germany,  has  also  expressed  an  opinion  that  similar  flint 
tools  have  not  to  his  knowledge  been  found  on  the  continent 
of  Europe  before.  These  small  flints  vary  much  in  size  and 
shape,  and,  without  following  any  true  geometrical  figures, 
they  fall  under  three  distinct  types.  1st.  Triangular,  which 
is  the  most  abundant  type,  and  seems  to  have  been  formed 
by  working  unequally  along  the  edge  of  a  thin  and  narrow 
chip  of  flint,  bringing  one  end  down  to  a  needle  point,  while 
the  other  end  has  a  comparatively  blunt  termination.  2nd. 
Oval,  a  type  produced  by  chipping  equally  along  both  edges, 
forming  a  sharp  point  at  each  end.  3rd,  Tapering,  a  form 
which  is  the  result  of  chipping  a  thin  and  ver}^  narrow  piece 
of  flint  and  gradually  contracting  it  to  a  single  sharp 
point. 

The  following  table  shews  the  localities  where  these  small 
implements  have  been  found,  and  the  number  obtained: — 

*  For  illustrations  of  some  of  these,  seo  the  paper  quoted  above,  York. 
Geol.  Tolyc.  Socy.,  Vol.  VIII.,  1882,  Plate  III.,  Figs.  16,  16,  17. 
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Localities.  No.  found. 

Bull  Hill,  near  Ramsbottom 1 

Middle  Hill,  near  Whitworth 2 

Langfield  Moor,  near  Todmorden 1 

Wadflworth  Moor,  near  Hebden  Bridge 1 

Dean  Clough,  Saddleworth 3 

Hill  to  the  south  of  Dean  Clough  (Saddleworth) .  .  2 

Cupwith  Hill,  near  Marsden 9 

Foot  of  Pule  Hill,  near  Marsden 1 

March  Hill,  near  Marsden 60 

Total 80 

March  Hill,  where  far  the  greater  number  of  these  small 
implements  has  been  obtained,  is  an  isolated  and  conical 
eminence  overlooking  the  vale  of  Marsden.  Its  simmiit  is 
about  1,400  feet  above  the  level  of  the  sea;  towers  consider- 
ably above  the  line  of  glacial  detritus  in  the  neighbourhood, 
so  that  fragments  of  flint  and  chert  which  it  contains,  ''all 
foreign  to  the  district,"  must  have  been  deposited  by  man. 
During  our  search  for  flints  we  made  several  excavations  on 
the  hill,  and  the  section  exposed  was  as  follows: — 

1st.   Peat  from  10  to  16  inches  thick. 

2nd.   Dark  peaty-clay  from  2  to  6  inches  thick. 

3rd.  Dark  grey  sand  6  inches  thick,  containing  angular 
pieces  of  sandstone,  ''local."  Flints  occurred  at  all  levels 
in  this  layer. 

4th.  Red  ochreous  sand,  about  12  inches  thick,  resting  on 
Yoredale  shale. 

Not  a  particle  of  flint  was  foimd  in  either  of  the  two 
uppermost  layers,  and  their  comparative  abimdance  in  the 
dark  grey  sand  makes  it  extremely  probable  that  they  were 
there  prior  to  the  deposits  of  peat  and  peaty-clay.  The 
number  of  small  chippings,  cores,  flakes,  and  worked  frag- 
ments— ^many  of  them  broken — was  so  great  as  to  lead  to  the 
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inference  that  flint  imfdements  were  xnaiiii^^ 
during  pre-historic  timesy  and  this  infereoee  iaatvmgtliened 
hy  the  finding  of  some  nnfiniahed  amall  tools  and  com- 
aponding  parts  of  broken  took.    The  neaieat  chalk  distrid 
to  March  Hill  ia  about  60  milea  away. 


The  Prxsidbnt  said  the  author  did  not  seem  to  go  into 
the  question  of  whether  or  not  these  flints  had  been  dropped 
by  the  primitiye  hunters,  which  was  by  some  supposed  to 
account  for  their  occurrence. 

Mr.  Watts  said:  I  think  I  can  testify  to  ike  faithfulness 
of  the  paper  just  read,  and  I  may  say  that  I  have  had  some 
•experience  in  the  finding  of  these  flint  chippings,  of  which 
I  could  have  brought  many  specimens.  The  secticm  shown 
in  the  diagram  exhibited  is  a  typical  one  of  March  HilL  I 
have  searched  often  for  these  chippings  on  March  Hill, 
and  other  eminences,  and  as  it  is  a  very  interesting 
— to  a  beginner  even  a  fascinating — ^pursuit,  I  wQl  explain 
briefly  how  it  is  done.  First  of  all  you  have  the  peat, 
and  underneath  that  the  grey  sand  in  which  the  flakes 
are  foimd.  The  way  to  get  them  is  this:  You  uncover 
a  part  of  the  surface  of  grey  sand,  and  with  a  trowel 
turn  it  over.  If  the  bed  be  a  prolific  one  you  will 
get  a  number  in  a  very  short  time;  but  you  may  have  to 
search  days  before  finding  such  a  bed.  Last  summer,  in 
about  an  hour's  time,  I  picked  up  about  31  different  speci- 
mens of  the  types  shown  in  the  diagram,*  and  since  then,  in 
the  neighbourhood  of  March  Hill  I  have  found  a  very  pretty 
Neolithic  hatchet  which  had  been  dropped  by  one  of  the 

*  Mr.  Law,  who  was  not  present  at  the  reading  of  his  paper,  writes,  "  it 
is  doubtful  if  the  31  specimens  of  flints  alluded  to  by  Mr.  Watts  be  imple- 
ments at  all.  They  are  more  likely  to  be  chips  or  small  flakes,  as  it  seems 
incredible  to  me  that  such  a  number  of  implements  could  be  found  in  one 
hour." 
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primitive  men  in  a  cleft  of  the  rock  where  we  are  excavating 
for  our  works.  March  Hill  is  quite  near  to  our  Denshaw 
works;  it  is  the  highest  point  in  the  district,  looking  down 
into  Marsden,  and  the  Neolithic  hatchet  I  found  was  on  the 
Millstone  Edge  rocks.  I  regret  I  did  not  bring  it  with  me 
to  this  meeting. 

Mr.  Stirrup  :  Are  there  ever  any  arrow  heads  found 
with  these  rude  flint  flakes  P 

Mr.  Watts  :  Yes. 

The  President  :  Would  you  suppose  that  these  flints 
were  chipped  or  manufactured  in  the  locality  where  they 
are  found  ;  or  were  they  imported  in  the  manufactured 
state  ?  The  making  of  gim  flints  at  the  present  day  is 
carried  on  in  the  chalk  districts. 

Mr.  Watts  :  I  think  the  distribution  of  them  is  too  wide 
for  them  to  have  been  dropped  indiscriminately,  as  the 
places  where  found  afford  evidence  of  their  having  been 
manufactured  there.  No  doubt  flint  nodules,  or  flints  in 
some  shape,  were  imported  into  the  district,  and  there 
manufactured  into  primitive  weapons. 


ON  THE  RECENTLY  DISCLOSED  SECTIONS  OF 
THE  SUPERFICIAL  STRATA  ALONG  OXFORD 
STREET,  MANCHESTER. 

By  Mr.  Theodore  Sington. 


During  the  construction  of  a  sewer  along  Oxford  Street, 
Manchester,  from  the  River  Medlock  to  the  city  boundary, 
at  a  depth  of  about  30  feet,  details  of  the  superficial  deposits 
have  been  obtained  which  have  enabled  me  to  prepare  the 
geological  section  illustrated  on  the  plate.  It  extends  from 
the  river  to  High  Street ;  the  remaining  portion  wiU  be 
illustrated  in  a  future  communication. 
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Commenoing  at  the  river,  a  thick  bed  of  clay  extends  to 
a  point  intermediate  between  Boundaiy  Street  and  Boeamond 
Street,  where  it  abuts  against  the  New  Bed  Sandstone,  a 
great  mass  of  which  rises  abmptly  across  the  course  of  the 
sewer  to  within  a  few  feet  of  the  surface.  The  precipitous 
face  of  the  rock  towards  the  Medlock  may  possibly  have 
formed  an  old  line  of  river  valley  before  the  deposition  of 
the  clay,  out  of  which  the  present  river  bed  has  been  cut 

The  red  rock  extends  to  a  point  near  Ackers  Street,  where 
it  sinks  below  the  level  of  the  excavations ;  thev  were  not 
sufficiently  extensive  to  enable  the  dip  to  be  obtained.  The 
sandstone  is  covered  with  a  thin  bed  of  red  sand,  evidently 
formed  by  the  disintegration  of  the  rock;  it  occurs  in 
several  places  at  the  bottom  of  the  excavations,  and  evidently 
denotes  that  the  New  Red  Sandstone  is  immediately  below. 

Overlying  the  clay  and  the  rock,  from  Gray  Street  to 
Wilton  Street,  there  is  a  bed  of  gravel,  near  Wilton  Street 
it  changes  to  clay,  which  extends  uninterruptedly  to  High 
Street. 

Below  the  clay  are  some  thin  beds  of  gravel  and  sand,  m 
which,  immediately  opposite  Ackers  Street,  the  exceptionally 
large  boulder  was  foimd  which  is  now  in  the  quadrangle  of 
Owens  College.  The  clay  contains  erratics,  many  of  large 
size,  in  considerable  number,  similar  to  those  generally  found 
in  the  brick-clays  roimd  Manchester. 

DEPTHS. 


A. — Sidney  Street. 

ft.  in. 

Gravel 9    0 

Clay 22    6 

Bed  Sand     2    0 


B.-Manhole  neab  Grosvexor 
Street. 

ft.  in. 
Gravel 8    0 

Clay 18    0 

Bed  Marl 2    0 

Bed  Sand 7    0 
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C— BouNDAfiY  Street. 

ft.  in. 
Gravel 11    o 

Clay 18    0 

BadM»ri 7    0 

D. — BOSAMOND  StEBXT. 

ft.  in. 

Gnrel 9    6 

New  Bed  Sandstone 28    3 

E. — Cliffoed  Stexxt. 

ft.  in. 

Gravel 13    0 

Scmdstone    13    3 

F.— Wilton  Steest. 

ft.  in. 

Loam   9    0 

Bed  Sand    2    0 

Sandstone    24    6 

G.— Beunswiok  Steeet. 

ft.  in. 
Clay 16    6 

Scmdstone    17    6 

H.— DovBE  Steeet. 

ft.  in. 
Clay 21     0 

Sandstone    11    0 

H  1.— Lamp  Eye. 

ft.  in. 

Clay 22    9 

(travel 2    0 

Shale    4    0 

Gravel 1    0 

Sandstone    2    0 


I. — ^AoKEEs  Steeet. 

ft.  in. 
Clay 28    6 

Gravel    (with    large 

boulder)  2    0 

Bed  Sand    2    0 

J.— DuoiB  Steeet. 

ft.  in. 
Clay 34    3 

K. — Geafton  Steeet. 

ft.  in. 

Clay 32    6 

Gravel 2    6 

L. — ^Nelson  Steeet. 

ft.  in. 
Clay 26    0 

Sand  (for alengthof  66ft.)  7  6 

Gravel 1  6 

Clay 0  6 

Gravel 1  6 

M. — ^Thoenoliffe  Steeet. 

ft.  in. 

Clay 32    0 

Gravel 2    6 

N.— Stanley  Geove. 

ft  in. 
Clay 31    6 

O.— High  Steeet. 

ft.  in. 
Clay 30    6 
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Mr.  Stirrup  said  the  Coiporation  of  ManoheBter  were  at 
present  engaged  in  proaecnting  some  eztenaiTe  sewerage 
works  along  some  of  the  main  thorongh&res  of  the  city,  by 
which  some  interesting  sections  of  the  underlying  rocks 
were  disclosed^  and  it  was  desirable  that  particulars  of  them 
should  be  preserved  in  the  Transactions  of  the  Society.  He 
trusted  that  they  would  haye  from  time  to  time  during  the 
progress  of  the  works  similar  contributions  to  the  one  now 
presented.  They  had^  of  course,  a  pretty  fair  idea  of  the 
superficial  strata  underlying  Manchester  from  borings  for 
water,  &c.,  but  these  excavations  afford  a  much  better  and 
more  accurate  account  of  them. 

The  President  :  It  is  desirable  to  keep  a  record  of  the 
beds  that  are  met  with  in  cuttings  of  this  kind,  because  here 
there  are  no  external  outcrops  to  be  seen,  and  it  fixe«  the 
positions  where  the  various  rocks  are  to  be  met  with.  He 
supposed  it  was  the  upper  new  red  sandstone  P 

Mr.  SiNGTON :  Yes. 


This  concluded  the  business  of  the  meeting. 


[ 
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Mr.  Stirrup  said  the  Corporation  of  Manchester  were  at 
present  engaged  in  prosecuting  some  extensive  sewerage 
works  along  some  of  the  main  thoroughfares  of  the  city,  by 
which  some  interesting  sections  of  the  underlying  rocks 
were  disclosed,  and  it  was  desirable  that  particulars  of  them 
should  be  preserved  in  the  Transactions  of  the  Society.  He 
trusted  that  they  would  have  from  time  to  time  during  the 
progress  of  the  works  similar  contributions  to  the  one  now 
presented.  They  had,  of  course,  a  pretty  fair  idea  of  the 
superficial  strata  underlying  Manchester  from  borings  for 
water,  &c.,  but  these  excavations  afford  a  much  better  and 
more  accurate  account  of  them. 

The  President  :  It  is  desirable  to  keep  a  record  of  the 
beds  that  are  met  with  in  cuttings  of  this  kind,  because  here 
there  are  no  external  outcrops  to  be  seen,  and  it  fixes  the 
positions  where  the  various  rocks  are  to  be  met  with.  He 
supposed  it  was  the  upper  new  red  sandstone  P 

Mr.  SiNGTON :  Yes. 

This  concluded  the  business  of  the  meeting. 
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Erratum  in  Mr.  W.  S.  Gebslby's  paper  "  On  the 
occurrence  of  Boulders  and  Pebbles  in  the 
Coal-Measures." 


Since  the  publication  of  this  paper  the  writer  of  it  has 
discovered  that  the  so-called  "  pebble  of  lead  ore  "  stated, 
on  page  491,  Part  XVIII  of  this  Vol.  of  the  Transactions,  to 
have  been  found  in  a  Shropshire  coal-mine,  is  nothing  of 
the  kind.     Mr.  Gresley  begs  to  apologise  for  having  made 
this  announcement,  but  as  Mr.  Spencer,  the  finder  of  the 
geological    specimen    in   question,   assured    him   that  the 
thing  was  unquestionably  a  rolled  fragment  of  lead  ore, 
he  took  him  at  his  word.      The  object  having  since  then 
come  into  his  hands  for  examination  he  at  once  saw  that 
it  was  not  an  erratic  pebble  at  all  but  a  fossil  plant  remain. 
The  specimen,  however,  is  an  interesting  one.     It  is  oblong 
in  form,   being  about   3  inches   long,   with   a  smoothish 
outside,  and  seems  to  be  chiefly  composed  of  very  hard 
and  compact  iron  pyrites  with  some  lead  ore  here  and  there. 
It  represents,   according    to    Mr.  W.  Carruthers,   F.R.S., 
Keeper  of  Botany  at  the  British  Museum,  Natural  History 
Department,  a  portion  of  the  interior  of  some  branch  or 
stem  of   a  coal-measure  plant,   though   the  fossil  is  not 
complete  enough  to  enable  him  to  say  exactly  what  it  is 
It  is,  however,  a  beautiful  illustration  of  the  way  in  which 
Sulphiirets  of  Iron  and  of  Lead  (Galena)  can  assume  the 
form  of  wood  tissue  of  the  most  delicate  structure,  every 
cell  of  the  vascular  tissue  being  transformed  into  mineral 
matter  capable  of   taking  a  high  polish,  and  yet  to   the 
naked  eye  when  freshly  broken  across,  nothing  but  the 
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ordinary  fraotnre  was  apparent  This  only  shows  how 
exceedingly  cautioaB  onr  observations  ought  to  be,  and 
that  to  take  statementB  (even  made  by  those  upon  whom 
we  think  we  can  safely  rely)  for  granted,  will  sometfaneB 
lead  us  astray.  Of  course  the  short  paragraph  on  page  498, 
relating  to  this  supposed  lead  ore  pebble,  must  be  struck  oat 

6th  June,  1888. 


End  op  Volume  XIX. 
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